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Functions and Management Problems 


of the Traffic Department 


From an address delivered at the Bell System Educational 
Conference at New York, June 21-25, 1926 


HE primary function of the traffic department is 

to give telephone service. When a subscriber 

takes the telephone from the hook, it is the work 

of the traffic department to give him the connection de- 

sired, whether it be in his own exchange or in the most 

remote city in the country, and to give him that service 

promptly, accurately and courteously, enabling him to 

hold a conversation with good transmission and free 
from noise or other interruptions. 

As to the magnitude of the traffic department seah 
lem, the number of owned stations in the Bell System, 
manual and machine switching, totals about 12,000,000. 
There are 4,500,000 connecting company stations. The 
local originating calls per day are about 67,000,000. Toll 
calls per day are about 2,500,000, and the total calls 
per year over 22,000,000,000. 
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There are about 6,000 owned offices in the Bell System 
and some 13,000 connecting company offices. 

The traffic department consists of about 167,000 
people, the great bulk of whom constitute the operating 
force, but with about 3,000 men who are in supervising 
line and staff positions. 

The 70,000,000 calls a day may be either local, toll 
or long distance. They may be flat or message rate. 
Individual lines, party lines, rural lines or private branch 
exchanges may be involved. The number of calls is 
large and the service is of a very personal nature involv- 
ing one or more contacts between operators and sub- 
scribers on each call. On every call there is a chance for 
a number of things to go wrong, either due to the fault 
of the operators, the fault of the telephone plant or the 
fault of the subscribers themselves. It is not a simple 
matter to complete one call perfectly, and with a multi- 
plying factor of 70,000,000 a day, the possibilities of 
trouble and unsatisfactory service are numberless. 


HiegH GRADE SERVICE THE First REQUIREMENT 


While the efficiency of operation is of great import- 
ance, the first requirement of the traffic departments is 
the giving of high grade service. The difficulty of giving 
that service varies widely. It is much easier to give 
good service in a small single office city where one oper- 
ator receives and completes a local call and where all 
other conditions are relatively simple. In a large multi- 
office city, it requires always two operators and some- 
times three or four to complete a single call. 

The largest metropolitan area around New York 
City has nearly 2,000,000 stations and about 200 central 
offices. Some of these offices are reached by direct 
trunks and others through tandem or two-number toll 
positions, Each operator, when receiving a call in that 
area, must know instantly whether that call is completed 
over direct circuits, over tandem groups, or through 
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one of several toll boards. She must know whether or 
not there is a special toll charge. She must be able to 
dispatch the call over the proper route, use the proper 
operating method and handle the complicated equip- 
ment and circuit arrangements that go with large city 
conditions. We are in the difficult position that it is 
hardest to give service in the great metropolitan areas 
and in those areas there is probably the greatest demand 
for high grade service. 


COMPLICATIONS INCREASE WITH GROWTH OF BUSINESS 


As the business grows, the complications increase 
continuously. It is a good deal more than twice as 
hard to give service today with 12,000,000 stations than 
it was ten years ago with 6,000,000 stations and there is 
little comparison with the problem 20 years ago when 
we had something like 2,000,000 stations. 

Looked at in another way, when an exchange started 
many years ago with a few hundred subscribers, the 
traffic problem was relatively simple. When the ca- 
pacity of one office is reached, however, a second office 
must be opened which means two operators on all inter- 
office calls, and complications keep on increasing with 
the growth. While there is some improvement in effi- 
ciency, of course, with large groups of operators as 
compared with smaller ones, those improvements don’t 
begin to offset the increasing complications. The tele- 
phone business is not like a manufacturing business, for 
example, where increased production means reduced 
costs. 

Despite increased complications, I think it is fair to 
say that telephone service today is the best that we have 
ever given. With respect to all items that are under 
our control, the improvement is marked. The service 
is better than in the best pre-war years, though condi- 
tions were materially simpler then. There was naturally 
some falling off during the war and immediately there- 
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after when operators left the service for war work and 
when plant could not be built as rapidly as needed. 
Since 1920, there has been a steady and continuous im- 
provement in telephone service. 

Telephone service is too complicated to attempt to 
make any complete analysis in such a talk as this. I 
thought perhaps it might be of interest, however, to 
mention a few features. 


CHARACTERISTICS OF ToDAY’s SERVICE 


For the System as a whole, 98.3 per cent. of the calls 
are completed without operating error. The subscribers 
themselves, due to having the wrong number in mind, 
failure to correct faulty repetition, through private branch 
exchange operators, and in other ways, make about the 
same number of errors as the operators. About 99.8 
per cent. of exchange connections are free from plant 
troubles that affect the service. 

One of the important items of telephone service is 
the interval from the time you take your telephone 
from the hook until the operator answers. This average 
interval throughout the Bell System is 3.7 seconds. In 
dealing with that item, however, as with a good many 
others, we have found that it is not safe to consider 
averages alone. We have to set a limit and determine 
the number of calls that exceed it. About three per 
cent. of the answers to calls are over 10 seconds and 
about one-tenth of one per cent. over 20 seconds. The 
average time to complete a local call from one office to 
another involving a trunk operation is a little under 
thirty seconds. As to the make-up of that interval, 
the operator answers in about 3.5 seconds. It takes 
her about 4 seconds to receive and acknowledge the 
number. It takes about 2 seconds to obtain free access 
to the call circuit. It takes 4 seconds to pass the number 
to the distant office and obtain a trunk assignment, and 
about a second and a half to take it up. The ringing 
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is by machine and it takes about 2 seconds for the distant 
operator to insert the plug and for the machine ringing 
to start. On the average, it takes about 11 seconds for 
the subscriber to answer the bell. 

Another large factor in telephone service is the 
private branch exchange. That, as you probably know, 
is a small switchboard located on the premises of the 
subscriber. While such an arrangement has advantages 
and usually gives satisfactory service to the subscriber 
over his premises, it introduces an extra operator on 
the central office connection. On a call between two 
private branch exchange subscribers, there are two 
private branch exchange operators as well as usually 
two telephone company operators. That slows up the 
connection 10 or 20 seconds and introduces two more 
points at which errors and misunderstandings may occur. 
The percentages of private branch exchange stations in 
large cities range all the way from 17 to 38. 


SERVICE FROM THE SUBSCRIBER’S VIEWPOINT 


While I think service today is generally satisfactory 
from a technical and from other viewpoints, we have 
tried to make it a fundamental principle of traffic de- 
partment work never to be satisfied with the results 
accomplished but always to be trying for further im- 
provement. At the present time we are making a 
special effort to consider the service primarily as the 
subscriber himself views it rather than as the telephone 
man, no matter how expert, may regard it. We are 
trying to make the service more personal and more pleas- 
ing as well as good technically, and we are trying to 
counteract any tendencies toward a mechanical sort of 
service which are always likely to creep in when handling 
the enormous volume of traffic. When a subscriber 
encounters trouble of one kind or another, either due 
to the telephone company or to himself, we are trying 
to give those calls better and more special attention. 
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One of the most important problems in local telephone 
service is that of calls that fail of completion on the 
first attempt. Twelve per cent. of all calls are not com- 
pleted immediately on account of busy line conditions. 
About nine per cent. of all calls are not completed either 
because the subscriber called does not answer or the 
subscriber calling abandons the call. Most of those 
conditions are primarily up to the subscriber but the 
telephone company in its traffic and plant work con- 
tributes a little, and a definite effort is being made to 
improve our own work, to induce subscribers to take 
enough facilities so that they won’t close their door to 
incoming business, to locate telephones so that the sub- 
scriber will always hear the bell and to teach subscribers 
not to abandon a call until the person called has had a 
fair chance to answer the telephone. 

In this work again we can’t deal in averages. Aver- 
age figures may look reasonably good but with the volume 
of 70,000,000 calls a day, a very large number fail of 
completion. In all this work we have to ferret out the 
individual subscribers from among the millions who are 
receiving or causing trouble and then try to apply the 
proper remedy either with the subscriber or with our 
own forces if that is where the difficulty lies. 


KNOWING THE GRADE OF SERVICE RENDERED 

You may be interested to know something about 
how the telephone company determines what grade of 
service it is giving. No source of information on that 
subject is neglected. Complaints and comments are 
carefully analyzed. Subscribers are questioned. Every 
indication that comes to our attention through news- 
papers or through our own employees is carefully re- 
corded and studied. The most important source of in- 
formation, however, is a continuous test of actual service 
which the company makes. We don’t make special 
test calls as we can’t duplicate all the conditions of 
actual service and furthermore the operators frequently 
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detect a test call. A plan has been worked out by which 
actual calls are observed without the knowledge of the 
operators and every service feature of the call is recorded 
—speed, accuracy, courtesy, adverse comments, ete. 
An entirely separate organization is set up to inspect 
service. That organization costs over $2,000,000 a year 
and includes about 1,400 employees. 

A sufficient number of calls is observed to give a 
true picture of the service. In the course of a month 
a great volume of data is accumulated showing not only 
what the service is but pointing out ways in which it 
can be improved. 

It is more or less obvious that the handling of 70,- 
000,000 calls a day with 167,000 employees, located in 
6,000 different offices, so as to give a satisfactory grade 
of service is a difficult one and involves large and difficult 
problems of administration. Good results can be ac- 
complished only by intensive training, by expert super- 
vision, by good management and by very carefully 
worked out methods and practices. 


TRAINING MetTuops FOR OPERATORS 

A very fine type of girl is employed in telephone 
work. A great many of them marry early and through 
that cause and others our turnover is considerable. The 
average length of service is about four years. To keep 
the force replenished and to provide for the large growth 
in the business, we have to train each year over 75,000 
girls. These girls are very carefully selected, they are 
taken into our schools where they are given an intensive 
course of training, usually for three or four weeks, and 
they are paid during this period. While lectures and 
carefully prepared text books are relied upon in this 
school work, we have found the most important training 
feature to be actual practice at a switchboard with calls 
manufactured to illustrate the conditions the operator 
will later encounter in her regular work. Operators can- 
not be trained at the expense of the public service. 
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The instruction work is not stopped when the oper- 
ators leave the school but it is carried on in the central 
offices. There is one supervisor for every eight or ten 
operators. A feature that has worked out very well in 
service work is what we call a central office instructor, 
a carefully selected girl, who listens in on the operator 
at work and observes ten or twenty of her calls, noting 
how she handles them. She then calls the operator, 
gives her full commendation for all the things she has 
done well and in a helpful rather than a critical way 
points out the things that she should do differently. 
That plan has been very effective in improving service 
and is one of the important developments of the last 
few years. In addition, there is expert supervision from 
assistant chief operators, chief operators, district traffic 
superintendents and various staff people. 

The matter that I have covered so far applies pri- 
marily to local manual operation. Many of the general 
principles, of course, apply to all operation and service. 
I won’t take the time to discuss machine switching 
operation. We believe that service on the whole will 
be a little better than manual service and we also believe 
that the majority of subscribers will prefer it. 


SprepD A MEASURE OF TOLL SERVICE 

With regard to toll service, however, there are certain 
features that I should like to take time to say a word 
about. As you probably know, a toll call is, generally 
speaking, a call from one exchange to another for which 
a special charge is made. There were 280,000,000 toll 
calls a year ten years ago and 485,000,000 five years 
ago. There are 800,000,000 calls a year today and we 
expect about 1,200,000,000 in 1930. While many factors 
are involved in good toll service, the so-called ‘‘speed of 
service,” i.e., the interval from the time the subscriber 
first removes his telephone from the hook until the call 
is completed or until he receives a definite report that 
the station desired does not answer or that the line is 
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continuously busy or that the particular person desired 
cannot be located, is one of the most important service 
items and it is a good general measure of toll service. 
In 1915 the average speed was 5.5 minutes. There was 
a little slowing up to about 7 minutes in 1920 due to 
post-war conditions. Since that date there has been 
a marked improvement and the average today is 2.6 
minutes and we are hoping by 1930 to get it down to 
about 1.5 minutes. 

When speaking of toll service most people think of a 
call that is handled at a separate toll board. As a 
matter of fact, the majority of toll calls are completed 
by the local operators who first received your call. Of 
a total of about 800,000,000 toll calls a year, 565,000,000 
or nearly 70 per cent. are handled today in a manner 
approximating the handling of a local trunked connec- 
tion with an average speed of about 40 seconds. The 
large volume of short haul traffic around the large metro- 
politan centers lends itself particularly well to this kind 
of handling and the A-B plan was first worked out to 
meet those conditions. Arrangements are now avail- 
able, however, by which the direct handling by the local 
operators may be used in smaller places and in the case 
of more scattered business. 

There are definite limitations to handling toll calls at 
local switchboards. For example, local operators can- 
not ordinarily handle particular person calls nor calls 
on which the number of the called subscriber is not 
furnished. ‘Toll calls over longer distances present more 
difficult transmission problems than do local calls and 
it would be found difficult and expensive to meet these 
requirements at the local boards. Furthermore, in the 
handling of the longer haul calls, it is desirable to obtain 
more efficient use of the expensive toll line plant in- 
volved than appears possible with local operating with- 
out reaction on the local service. In general, however, 
good progress has been made in the introduction of the 
fastest methods. I might also say at this point that 
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the handling of short haul calls by local operators is 
more economical than handling at a toll board. 

One of the big problems in toll work is the completion 
of the greatest possible percentage of calls filed. Every 
call completed means better service to the customer 
and more revenue to the company. Many toll calls 
are difficult of completion. Lines are frequently busy, 
in many cases the telephone does not answer or the 
particular person desired may not be available. In the 
post-war period, only about 81 per cent. of toll board 
calls were completed but there has been steady im- 
provement and the completion is now above 90 per cent. 
In dollars, this improvement from 81 per cent. comple- 
tion to 90 per cent. has meant $12,000,000 a year to the 
Bell System. This increased revenue has involved no 
greater expense because the operators must work just 
as hard if not harder on a call that cannot be completed 
as on one that is completed. The service has, of course, 
been improved measurably to the subscribers because 9 
per cent. more of their toll board calls are now being 
completed than was the case a few years ago. 

An important recent improvement is the combined 
line and recording method, the introduction of which is 
going ahead rapidly. With that method, toll board 
service can be improved from an average speed of 5 or 6 
minutes to an average of from 2 to 3 minutes. For the 
best service with this method, it is important that the 
calling subscriber give the operator the number of the 
station desired whether he is making a station or a par- 
ticular person call. If the number is not given, the 
operator must secure it from a directory position before 
she can proceed with the completion of the call. 


PROBLEMS OF EMPLOYMENT AND PERSONNEL 
Coming now to the operating force itself, which con- 
sists of about 164,000 operators, it is obvious that a force 
as large as this presents many important problems of 
employment and personnel. While there will not be 
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time to go into those matters in detail, I should like to 
say a few words about some of them. 

Telephone service must be given every hour of the 
day and every day of the year. Operators naturally 
prefer not to work evenings, nights, Sundays, holidays 
or Saturday afternoons but the service must be given 
and it is the practice to pay wage differentials for the 
most undesirable hours and the Sunday, holiday and 
Saturday afternoon work is distributed in rotation so 
that no operator will have more than her fair share of it. 

Most careful attention is given to all matters affect- 
ing working conditions and those problems are under 
constant study by people who are expert in them. Tele- 
phone operators are actually at the switchboards 74% 
hours a day. They have an hour for lunch and two- 
15-minute reliefs, one in each half day tour. We have a 
six-day week and if an operator is called upon to work 
Sunday, she is given a day off during the following week. 
Vacations are given with pay, usually one week when the 
girl has been in the service about six months and two 
weeks if she has been in service a year or more. 


Tue OPERATING PROBLEM AND MACHINE SWITCHING 


I have already spoken of the magnitude of our em- 
ployment and training programs. It is interesting and 
important to note in this connection that with the in- 
creasing growth and complication of the business, the 
requirement for telephone operators on a manual basis 
increases considerably more rapidly than the population. 
This problem has been very carefully analyzed for all 
important cities and the number of girls estimated who 
have to work or wish to do so, who would be suitable for 
telephone work and who would like the work. From 
1910 to 1920, our requirements for telephone operators 
in proportion to the population and number available 
nearly doubled and if the manual system were continued, 
it would not be very many years before the requirements 
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for telephone operators in comparison with the number 
of people available would present serious problems. I 
think it is not an overstatement to say that it would 
not be practicable indefinitely to give telephone service 
at reasonable cost in the large metropolitan areas if we 
had to operate on an all-manual basis. This, of course, 
is another strong argument in favor of the automatic 
system. Even with the large machine program, how- 
ever, we will require more operators in 1930 than we 
do today and it will be a long time before the operating 
force will be materially decreased. In fact, we will 
always need a great many telephone operators both for 
toll work, for many calls that cannot be handled by 
machine, for private branch exchanges and for other 
work, and operators need have no fear that their occu- 
pation will vanish on account of the introduction of 
the machine switching system. That system, however, 
will keep the employment problem within reasonable 
bounds which would have been exceeded on an all manual 
basis. 

The proper housing and caring for 164,000 girls is a 
very serious problem and entails very great responsi- 
bilities. It calls for the highest type of management 
and personnel work. We employ the best type of building 
construction and every possible precaution is taken to 
safeguard the employees from fire and in every other 
way. The rooms are light and well ventilated. Every 
office has rest and recreation rooms where the girls can 
spend the time when they are off duty, and the larger 
offices have quiet rooms where a girl can get away from 
the crowd and lie down if she is feeling temporarily 
indisposed. 

In many locations it is not convenient for the oper- 
ators to go home for their lunches or to obtain them 
outside and we have found it necessary to provide meals 
in practically all the larger places. You might be inter- 
ested to know in that connection that we serve about 
140,000 meals a day. The lunch room business is quite 
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a sizable one in itself, involving a gross expense of about 
$8,000,000 a year. 2500 employees are engaged solely 
in providing lunches for the operators. Lunches are 
furnished to the girls at the cost of food and service and 
very great pains are taken to secure the best quality of 
food at the most advantageous prices. The company 
furnishes the rent, heat, light and equipment without 
charge. 

Without further discussion, I think you will agree 
that the many labor and personnel problems in connec- 
tion with telephone operating work are of the first 
magnitude. 

I have said nothing so far about matters of efficiency 
and economy but they are obviously important traffic 
problems. The Bell System operating expenses last year 
were $508,000,000. Of these, the traffic department 
expenses were $186,000,000. This year the traffic de- 
partment expenses are estimated at $198,000,000, which 
includes allowance, of course, for the growth in the 
business. This is a very large expense and the depart- 
ments must obviously be operated efficiently consistent 
with the highest grade of service and consistent with 
fair treatment of the operating forces in the matter of 
wages and in the matter of the amount of work which 
they are called upon to do. 


ADJUSTING THE OPERATING ForcE TO THE TRAFFIC LOAD 


The fundamental item in the efficiency of traffic 
operation is the proper adjustment of the operating 
force to the load. Force adjustment, so-called, involves 
the determination of the number of telephone calls that 
will be offered during future periods, the estimation of 
the proper number of operating employees required to 
handle those calls with satisfaction to subscribers and 
with economy, the planning for the induction of a suffi- 
cient number of new people into the forces so that the 
service will be the least affected and the placement of 
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the people at the switchboards in such a manner as to 
insure economical service and satisfied employees. 

With methods developed over a period of years and 
constantly being improved, we are able on the basis of 
past records and knowledge of seasonal and business 
trends to estimate the future number of calls with reason- 
able exactness. 

As the result of a great number of time studies, these 
calls, which are of many different varieties, can be con- 
verted into equivalent work units. Knowing the proper 
amount of work for the operators in terms of these work 
units, we are able to estimate closely the number of 
people required. Proper weight must be given, of course, 
to the experience of the force. A new operator cannot 
be expected to handle the same number of calls and give 
as good service as an experienced operator. The num- 
ber of calls is constantly increasing due to the growth of 
the business. People must be hired and trained one or 
two months before they are needed so as not to affect 
the service. They must be employed in numbers and 
at intervals which will result in the least disturbance to 
the experience of the force and to service results and 
with regard to economical training costs. At the vaca- 
tion season, large numbers of girls must be taken on in 
advance and trained so that other operators may have 
their regular vacations. 

Not only does traffic vary from month to month but 
it varies from day to day and, of course, from hour to 
hour. Unlike most other businesses, it is necessary for 
economical operation to have a varying number of people 
on duty each half hour and even in some cases each 15 
minutes during the day. We have a morning, afternoon 
and evening traffic peak to care for, each peak different 
in volume and we cannot without waste maintain the 
same force during the lighter traffic periods that we 
have during peak periods. This results in a variety of 
tours of duty which are fitted to the traffic require- 
ments and they conform to definite limitations as to 
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starting and ending time, proper lunch time and the 
giving of regular reliefs in each half day tour. These 
tours involve day, afternoon-evening, morning-evening, 
and night hours on weekdays, Sundays and holidays, 
and always keeping the number of undesirable tours as 
low as possible consistent with good service is an im- 
portant personnel problem. No two offices are alike 
and every one must be planned for individually and 
accurately and with frequent adjustments to care for 
the growth, seasonal and other changes in traffic. In 
the System, there are some 10,000 operating units every 
one of which has to have continuous and adequate treat- 
ment in order to obtain the proper overall results. 


With modern methods of force adjustment we are able 
to maintain our forces within better than 2 per cent. of 
the theoretical requirement. While you cannot put a 
definite value upon these methods, it is our opinion that 
they permit about 5 per cent. better efficiency than any 
other method we know without increasing the amount 
of work which the girls are called upon to do in the 
busier periods and that means a saving of some $6,000,000 
a year. 


BupGEet ContTrRoL OF TRAFFIC EXPENSE 


The only effective way of handling traffic expenses is 
by a complete system of budget control. This includes 
the estimate of traffic requirements and expense in detail 
one year ahead and on a more general basis four years 
ahead. For the first five months of this year, the actual 
traffic department expenses were $80,500,000, and were 
within $60,000 of the estimate, a difference of less than 
one-tenth of one per cent. Of course, we cannot guar- 
antee results as close as this and some individual com- 
panies were a little over and others a little under their 
estimate. In general, it can be stated, however, that 
there is effective control and close estimating of traffic 
expense. 
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Due to improvements in methods of force adjustment, 
better budget control, improved operating methods and 
better traffic administration, we believe that traffic ex- 
penses today are more than $20,000,000 a year less than 
they would have been on the basis of pre-war methods 
and about $30,000,000 a year less than they would have 
been at the efficiency  ossible during the war. That 
improvement has not been brought about, furthermore, 
by asking the individual operators to do more work 
during the busier periods. 

I see that my time is about up and I shall not be able 
to say anything about traffic engineering. The traffic 
departments, however, have to set up the requirements 
for quantities and arrangement of central office equip- 
ment, numbers of toll lines, trunk lines, etc., in which 
very large amounts of money are involved. It has not 
been easy to make a brief presentation of traffic work but 
I hope that I have been able to give you some idea of the 
importance that is attached to traffic work with its 
problems of administration, service and economics, and 
also to indicate the very great interest which all of us who 
are engaged in traffic work find in that work. 


K. W. WATERSON. 
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Radio Telephone Developments of the 
Bell System 


COMMUNICATION system always makes use 
A of waves. Broadly speaking, there are but two 
kinds of waves, electro-magnetic and mechanical, 

at the disposal of the communication engineer. Electro- 
magnetic waves may be guided by wires as in the tele- 
phone and telegraph or, unguided, may travel through 
space, in which case they will be either radio waves, heat 
waves or light waves. Mechanical waves travel through 
solid, liquid or gaseous media, an example of this type 
being sound waves. Whatever kinds of waves are used, 
the communication system must be provided with a 
transmitter, a receiver and a connecting circuit. In wire 
telephone systems each of these elements is subject to 
analytical treatment, design and experimental control 
on the part of man. In the laboratory and field he can 
create artificial situations which can be repeated and 
which are favorable to his immediate objectives as set up 
by his analysis. In radio telephone systems the situation 
is somewhat different. Man can govern the design and 
operation of the transmitter and receiver, but the con- 
necting circuit is beyond his province. Today, the chief 
obstacle to regular radio telephone service between New 
York and London is the lack of a reliable and stable con- 
necting circuit. The atmosphere is the seat of continual 
and fairly violent electrical disturbances. Currents of 
electricity pass back and forth between it and the earth. 
A sensitive radio receiver brings in an astonishing succes- 
sion of clicks, hisses and crashes. We call them “static” ; 
the Englishman calls them “atmospherics.” The en- 
gineer of transatlantic radio telephony is unable to create 
artificial situations for the study and control of the con- 
necting circuit. There is little he can do with the weather, 
seasons, the sun, the earth’s magnetic field and lightning 
discharges. No doubt, he would like to enclose the globe 
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in a metal shell to exclude cosmic radiation and electrical 
disturbances caused by the sun, to find out what would 
happen to radio waves. He might like to have total 
eclipses of the sun occur fortnightly and to decrease the 
speed of rotation of the earth so that night and day would 
be five times as long. As he would find it difficult to dis- 
cover anyone willing to finance such projects, the only 
alternative is to become a behaviorist, objectively take 
observation after observation, compile data, plot curves, 
continue to test month after month and year after year 
with the expectation that an analysis of the controlling 
factors will reveal information whereby long distance 
radio telephony can be engineered. 

In spite of the variable nature of the transmitting 
medium, notable progress has been made in radio teleph- 
ony. The successful tests of March 7 in transatlantic 
radio telephony, during which two-way conversation was 
carried on for four hours between newspaper representa- 
tives in New York and London, have received much 
favorable comment of a general character in the public 
press. For engineers and scientists in general, and for 
telephone men and women in particular, these successful 
tests suggest that since 1926 is the fiftieth birthday of the 
telephone, it is a particularly appropriate time to make 
note of the advances in radio telephony, and to review 
the contributions of the Bell System to this new art. 


EARLY DEVELOPMENTS 


Like other large achievements of radio, the success of 
the transatlantic radio telephone test of last March was 
long in the making. It was over twenty years ago that 
the first telephone repeater was operated successfully in 
a long distance telephone line. (The connection between 
telephone repeaters and radio telephony will appear pres- 
ently.) This first telephone repeater, like the types that 
have followed it, was an amplifier of speech currents and 
therefore was capable of increasing the amount of power 
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which these currents represent. This first repeater de- 
pended upon the amplifying properties of the carbon 
microphone for its beneficial action; one of them inserted 
in the New York Chicago circuit of that day effected an 
improvement equivalent to shortening the line by 300 
miles. 

The success of this experiment was tangible evidence 
that nationwide telephone service could be realized. And 
furthermore, it gave promise that radio telephony was 
within the realm of practicable things, for it was recog- 
nized that the missing keystone in the arch of radio tel- 
ephony was an amplifier of telephonic currents. There 
were then various means at hand for generating the con- 
tinuous high frequency waves needed in telephony without 
wires and there were also means for modulating and de- 
tecting them; the fundamental need was for an amplifier 
This was supplied in embryo by the first successful tele- 
phone repeater. 

Having demonstrated that a telephone repeater was 
possible—although their original one left much to be 
desired from the standpoint of stability—the telephone 
laboratories set out to find the best repeater possible. 
Success attended their efforts but it was only after several 
years that they were ready for an initial public demon- 
stration. By the close of 1914, transcontinental telephony 
became assured. New York and San Francisco had been 
connected by three telephone circuits each employing a 
different type of repeater. In one circuit and spaced at 
uniform intervals were several carbon microphone repeat- 
ers which were greatly improved over the model of 1908. 
In another circuit were several mercury arc repeaters, the 
amplifying action being derived from the magnetic con- 
trol of the are stream. In the third circuit were repeaters 
employing the then new and little known high vacuum 
tube. All three circuits worked, but after a careful survey 
it was decided that the repeater which employed vacuum 
tubes possessed points of superiority entitling it to con- 
certed development from then on. 
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The problem of radio telephony which had temporarily 
been laid on the shelf pending the development of a more 
reliable repeater, was now brought down again and given 
very active consideration. This was in 1914 and the first 
experiments were conducted indoors but with results so 
promising that early in 1915 an initial field trial was ar- 
ranged. Montauk Point on the far end of Long Island 
was chosen as the site for a transmitting station. Scouts 
who were sent down the Atlantic coast to locate a site 
for a receiving station, discovered on top of a large office 
building in Wilmington, Delaware, a very good antenna 
which was no longer in use. For the time being the 
searching party looked no farther because this antenna, 
which could be quickly reinstated in service for receiving 
purposes, served admirably. 

Just how powerful the little transmitter installed at 
Montauk Point was, it is impossible to say, but it would 
doubtless rank only with the smaller broadcasting stations 
of today. However, sentences and selections read into 
the transmitter were distinctly heard by those listening 
at Wilmington 300 miles away. Not content with an 
achievement purely in the field of radio telephony, the 
engineers connected to the radio receiver at Wilmington 
a telephone line running back to Montauk Point so that 
the speakers there could hear their voices as received. A 
speaker in the latter city could, thereby, talk by wire to 
the radio transmitter and hear his voice as it came back 
via radio and the second wire line. The total length of 
this circuit was over 500 miles and it demonstrated not 
only that radio telephony in itself had become practicable 
but that wire and radio telephony could be operated in 
conjunction, a fact which has later been used to the 
mutual benefit of each. 

This was a good start, but the final goal was to match, 
if possible, the recently achieved 3500 mile transconti- 
nental telephone circuit with an equal distance covered by 
radio. A new location for a receiving station was sought, 
resulting in the selection of St. Simon’s Island, Georgia, 
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800 miles from Montauk Point. The same transmitter as 
before was used, but now with smaller chance of success 
owing to the increased distance. After listening a number 
of weeks to determine the best hours for reception, success 
was attained and there was heard through the static the 
human voice which had been spread so thinly on the 
ether at Montauk Point. Again, for the sake of com- 
pleteness, the received voice was put on a telephone line 
and transmitted to other listeners in New York. Again 
it could be heard but much patience was required in wait- 
ing for some brief lull amid June’s troublesome atmos- 
pheric noises. 

From these tests it was naturally concluded that if a 
more powerful transmitting station could be designed, 
greater distances could be bridged, even the great span 
of the Atlantic Ocean. 

Special attention was, therefore, bestowed upon trans- 
mitter tubes, but in the meantime decisions involving 
future plans had to be made which called for considerable 
faith and optimism on the part of those in charge. Before 
a new transmitting station was available—even before 
the development of a more powerful tube had been per- 
fected—engineers, with receiving sets, were dispatched to 
four far-distant and widely separated points—to the 
Isthmus of Panama, to San Francisco, the Hawaiian 
Islands, and Paris. Events soon proved that optimism 
had been justified. A tube with the rating of 25 watts 
emerged from the laboratories, and shortly thereafter a 
complete radio telephone transmitter, employing 500 of 
these tubes, and capable, it was estimated, of radiating 
about 11% kilowatts of useful power. 

But where was a suitable antenna to be found? It 
must be a large one and it should preferably be so situated 
that its adaptation for this new use would not attract 
public attention. It was decided to take the Navy into 
confidence and ask for the use of the Arlington antenna. 
This was obtained, a fact which contributed greatly to 
the swift culmination of the experiment. 
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At Paris, a more difficult situation presented itself. 
Such permission to work as the American Telephone en- 
gineers could obtain must come from the French military 
authorities, and these engineers had, of course, no military 
standing whatsoever. Perhaps it was better that they 
had none; this may have tended to disarm suspicion. 
At any rate, the reception accorded them was remarkable. 
France had concentrated all its resources, both human 
and material, on the defence of the nation, and in the 
military scheme of things the radio station at the Eifel 
Tower was playing an important part; in fact, it was 
needed every minute of the twenty-four hours. But more 
than that, it was a station at which vital Allied military 
secrets were available, and to admit total strangers— 
skilled engineers at that—just because they were attempt- 
ing a daring radio exploit, displayed an interest in the 
development of the radio art which is perhaps without a 
parallel. The French military authorities went a long 
way when they granted the American Telephone engineers 
the use of the Eifel Tower antenna ten minutes each day; 
they went still farther when they granted them the 
privilege of working in the radio laboratory in order to 
adjust and modify their receiving set and make their ob- 
servations. 

The voices from Arlington were first heard by those 
who had been dispatched to Darien on the Isthmus of 
Panama. San Francisco was next and preliminary results 
were good enough to warrant a more formal test. A tele- 
phone line from New York to Washington was connected 
to the transmitter and a transcontinental circuit was pro- 
vided as a return path from San Francisco to New York. 
In September, 1915, Mr. T. N. Vail, then President of the 
American Telephone and Telegraph Company, lifted his 
receiver at New York and spoke to Mr. J. J. Carty, Chief 
Engineer, in California, the circuit going by wire from 
New York to Washington and by radio from Washington, 
and Mr. Carty answered by means of the returning trans- 
continental line. This demonstration was conducted at 
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the time of day when receiving conditions in California 
were best. Subsequent transmission timed for the time 
of best reception in Honolulu was successfully received 
there, the distance being nearly 5000 miles, and thereafter 
tests were continued for some time with increasing success 
as the approach of autumn improved transmission. 

This left Paris still to be heard from. There the en- 
gineers who were attempting to hear the voices from 
Arlington were encountering the most annoying of 
troubles. While the ten minute period immediately fol- 
lowing 2 A.M., Paris time, was favorable from the trans- 
mission standpoint, interference from telegraph stations 
presented an almost impenetrable barrier to the reception 
of speech. Europe was full of high power stations which 
were busy every hour of the day in transmitting messages 
of military importance. Succéss came at last, however. 
Early in October, 1915, the engineers in Paris cabled that 
they had heard a voice from Arlington. The first words 
came just as they were disconnecting for the night so that 
all they caught was, “and now Shreeve, good night.”” On 
several following evenings, however, reception was definite 
and unmistakable, and was heard with as much gratifica- 
tion by the French engineers who were present as by the 
two lone Americans who conducted the test. 

It is apparent, therefore, that the Bell System has 
been a pioneer in the study of radio telephony. This 
pioneer work, together with general scientific progress 
and many improvements in the arts of both radio and 
wire telephony, have been of immense value in the trans- 
atlantic radio experiments which, stopped by the war, 
were again taken up in 1921 and carried on through to 
the present time. 


SIMULTANEOUS Two-Way Rapto TELEPHONE TESTS 


In 1919, a system of two-way radio telephony for ship- 
to-shore communication was developed and put into ex- 
perimental operation. For about three months in 1921, 
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two-way test conversations were carried on between a 
radio telephone station of the Bell System at Deal Beach, 
N. J., and the 8. S. Gloucester, at distances up to about 
250 miles. In accordance with a pre-arranged schedule 
(unknown to the engineer operators) calls were entered 
by a number of engineers in the vicinity of New York 
which were satisfactorily completed and during which 
clear speech was transmitted, considering the difficulties 
that attended this first attempt at operation of wire tele- 
phone circuits and radio for communication with a ship 
at sea. 


The technical success of the experiments with coastal 
vessels indicated that greater distances might be spanned. 
In 1922, the S. S. America, a transoceanic vessel, was 
equipped by the Radio Corporation of America with 
apparatus of General Electric Company manufacture. 
With the ship 300 miles off shore, communication was 
readily established between engineers aboard and those 
at Deal Beach. Wire lines from this point to New York 
and vicinity enabled telephone officials in their homes 
to talk with officers of the ship. On several occasions 
when conditions were particularly favorable conversa- 
tions were held with the America at distances of 1000 
miles and more, but the radio circuit was not sufficiently 
reliable, most of the times, to assure satisfactory trans- 
mission. The wide fluctuations in static disturbance and 
wave absorption were again recognized as the nemesis 
of radio telephony. Perhaps the most interesting test 
in ship-to-shore radio telephony was one in which the 
radio link from the ship was connected to the trans- 
continental line and thence by radio, connected with 
Catalina Island in the Pacific thus bringing together the 
two oceans. 


Although the equipment and methods of operation of 
that day would be inadequate today, the technical experi- 
ence was most helpful and provided a definite step forward 
in the advance of the art. 
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CoMMERCIAL TRIAL OF Rap1io TELEPHONY ON THE 
Pactric Coast 


The radio telephone has in one instance and for a 
period of three years, formed a part of commercial tele- 
phone service. In 1920 steps were taken to establish tele- 
phone service between Catalina Island, thirty miles off 
the coast of Southern California and the mainland. It 
was realized that submarine cable was the best and even- 
tual answer to the problem, but so soon after the war, 
cable was neither available nor could it be obtained within 
reasonable time. Therefore, a radio telephone circuit was 
initially installed. During the latter months of this instal- 
lation service of adequate secrecy was given by “scram- 
bling”’ the radio waves so as to baffle eavesdropping, and 
by “unscrambling” them for the exclusive use of the 
called subscriber. This radio link was replaced in the 
summer of 1923 by a submarine cable, but, during its 
three years of operation had rendered satisfactory com- 
mercial service. It is interesting to note that the ship-to- 
shore and the Catalina Island radio systems were the first 
radio telephone developments to use the range of wave 
lengths which present-day radio broadcasting has come 
to use. 


SpeecH Tests Across THE ATLANTIC WERE AGAIN 
MapDE In 1923 


In January, 1923, one-way experiments were again 
made across the Atlantic during which officials of the 
Bell System talked for a period of two hours to a group of 
officials in London, and replies and comments were cabled 
back. The excellence of this demonstration was of suffi- 
cient interest to the Post Office Department, the govern- 
mental agency which operates the communication sys- 
tems of England, that two-way experiments were soon 
after planned. Subsequently, a transmitting station was 
built at Rugby. 
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A Frew FUNDAMENTAL PRINCIPLES OF RapDIOo 
TELEPHONY 


To understand the more recent developments in radio 
telephony, it will be helpful to discuss briefly some of the 
fundamental principles involved. In the usual wire tele- 
phone system, electro-magnetic waves are guided along 
the connecting wire as they come from the telephone 
transmitter and, as a result, have the same frequencies 
as does the voice which gives rise to them. They consist, 
therefore, of constantly changing complex waves, made 
up of frequencies varying from perhaps 200 cycles or less 
to 2500 cycles per second. 

In a radio telephone system, the voice waves are like- 
wise transformed into electro-magnetic waves by means 
of the telephone transmitter and by wire arrangements 
known as antenna, part of these electro-magnetic waves 
are projected in space and spread out in all directions 
through the air, or more correctly, through the ether. 
Thus, many perplexing and intangible problems of the 
ether connecting circuit are acquired to take the place of 
tangible wire line problems. In addition, new methods 
and apparatus must be used at the transmitting and re- 
ceiving terminals. The new set of problems may be 
classified as follows: 


1—The design of suitable apparatus and systems for 
putting the voice waves into such a condition that 
they may be radiated into space. 


2—The design of suitable apparatus and systems for 
receiving the voice waves from space. 


3—The design of suitable apparatus and systems for 
separating different radio messages one from an- 
other and for providing secrecy. 


4—The study of the transmission characteristics of 
the space through which the radio waves travel. 
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THE DEVELOPMENT OF THE THERMIONIC VACUUM TUBE 
SuppLtiges A Mucu Neepep High FREQUENCY 
GENERATOR AND AMPLIFIER 


In putting voice waves into such a condition that they 
may be radiated into space, the accepted method has been 
to generate a high frequency current for each message 
and to control the magnitude of these high frequency 
waves by speech that is, to modulate the carrier waves 
by the speech waves and finally to amplify these modu- 
lated carrier waves. The proper type of generator, mod- 
ulator and amplifier of these high frequency currents 
had always been difficult to obtain. However, the inven- 
tion and perfection of the thermionic vacuum tube put 
into the hands of the engineer the device which he re- 
quired. Instead of whirling wheels and flashing sparks, 
the vacuum tube, when properly connected in a circuit 
with coils and condensers, produces, in a quiet and effect- 
ive manner, the high frequency currents which can then 
be modulated and amplified by other similar tubes. Bell 
engineers made important contributions in designing cir- 
cuits for these purposes and likewise developed the vac- 
uum tube from a fragile, unstable and weak device in 
1912 to a sturdy, reliable and much more powerful piece 
of apparatus. By 1915, amplifier tubes of 25 watt capac- 
ity, marking a big increase in power output, became 
available, and 500 of these were used in talking across the 
continent and to Paris. 


Tue Hicn Power, Water CooLep Vacuum TUBE 
AMPLIFIER Is A NOTABLE CONTRIBUTION 


When tests in transatlantic radio telephony were re- 
sumed late in 1921, a much more powerful amplifier be- 
came available by the perfection of a water cooled vacuum 
tube, having some 400 times the power rating, namely 10 
kilowatts, of former tubes. Heretofore, vacuum tubes 
had depended upon thermal radiation- from the internal 
parts of the tubes to dissipate the heat which is necessarily 
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liberated during their operation. A fairly definite limit 
of about 1 or 2 kilowatts inherently is set upon a radiation 
cooled tube. Contrasted with this, a water cooled tube, 
although scarcely 2 feet in length and weighing only 10 
pounds, is capable of delivering on a laboratory and ex- 
perimental basis 100 kilowatts of high frequency power. 
Those of 10 kilowatt capacity are of similar construction 
but somewhat smaller in size. Bell System engineers pro- 
duced the vitally necessary element in the design of water 
cooled tubes of practical design by a new and striking de- 
velopment in the art of sealing copper to glass. These seals 
do not depend upon substantially equal thermal expansion 
of metal and glass, but rather upon the proper propor- 
tioning of the glass and metal sections of the seal. Such 
stresses as are produced when the seal is heated or cooled 
are not great enough to cause rupture. In the recent 
transatlantic tests, there were some 23 of these water 
cooled tubes being used in three stages of amplification; 
one tube being in the preliminary stage, two tubes in a 
second stage and about 20 tubes in the final amplifying 


stage. 


SINGLE SIDEBAND, SUPPRESSED CARRIER RapDIO 
TRANSMISSION 


Still another notable advance in radio transmission 
methods and apparatus came with the development of the 
single sideband, suppressed carrier system. The real 
significance of this system will be understood by referring 
further to the method of putting speech waves into the 
proper condition for radiation into space. A high fre- 
quency current, produced by the vacuum tube and proper 
circuit arrangements, is modulated by the voice wave. 
An inherent result of this process is that, in addition to 
the original high frequency or carrier wave, there are now 
two other sets of waves, namely, a sideband of higher fre- 
quency than the carrier and a sideband of lower frequency. 
Since each sideband represents the frequency range neces- 
sary for transmission of speech, it is necessary to radiate 
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On the right is a 25 watt amplifier tube, radiation cooled, 500 of which were used in 
1915 to send the voice across the Atlantic 
The tube on the left is the new 10 kilowatt water cooled tube, 23 of which were 
used in the recent transatlantic tests. The copper anode or plate at the bottom, 
is a part of the outer shell of the tube inside of which is the grid and filament 
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only one of them. However, in the usual method em- 
ployed in radio broadcasting, all three waves are radiated 
and it has been found that for the production of good 
quality and for convenience in reception, something like 
two-thirds of the power radiated should be present in the 
carrier wave, with one-sixth of the power in each of the 
sidebands. On the other hand, the radio waves in recent 
transatlantic tests, as they left the antenna, embodied but 
a single sideband, the other sideband as well as the carrier 
wave having been taken out by electric filters prior to am- 
plification. The total capacity of the 100 kilowatt ampli- 
fier is, therefore, concentrated in one sideband which is 
projected from the antenna at a power level fully three 
times as great as it would be if the type of transmission 
employed in broadcasting were used. Hence, the chances 
of radio waves getting through static and other interfer- 
ence without mutilation are much better. In addition to 
conservation and more effective use of power, there is a 
conservation of nearly fifty per cent. in ether channels 
requirements. When only one sideband is transmitted, 
nearly twice as many radio stations can operate simul- 
taneously without interference with one another. The 
single sideband method, involving as it does electric wave 
filters, is used to good advantage in carrier telephone sys- 
tems* now operating over many miles of wire lines in the 
Bell System. 

In the one-way tests of January, 1923, previously 
mentioned, the water cooled amplifier tube and the single 
sideband, suppressed carrier system were used. 


IMPROVEMENTS IN RECEPTION APPARATUS 


The design of suitable apparatus and systems for re- 
ceiving the voice waves from space has likewise pro- 
gressed satisfactorily. For the reception of radio waves 
sent out by the single sideband, suppressed carrier sys- 
tem, a highly selective and stable reception apparatus has 

*R. W. King, Bell Telephone Quarterly, January, 1923. 
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been developed by means of which static and other inter- 
ference is reduced to a minimum. This receiver must 
supply a carrier current to take the place of the carrier 
suppressed by the transmitting station. Since the 
strength of the signal output is proportional to the power 
of the carrier, the reception of very weak signals is facili- 
tated by the fact that the carrier is supplied locally, and 
has its power controlled by the operator of the receiving 
set rather than sent by the transmitting station. The well 
known heterodyne receiver will also pick up a single side- 
band radio wave and sometimes the ordinary regenerative 
circuit can be made to serve, although in each case the 
adjustment of the local oscillations is somewhat difficult. 

Furthermore, there has been a marked improvement 
in reception results through the use of the wave antenna, 
made available through the cooperation of the Radio 
Corporation of America. The wave antenna in general 
appearance looks like a telephone line and is several miles 
in length, but is designed to perform in a very special way 
as regards the incoming radio wave. Lying along a line 
connecting the receiving and the distant transmitting 
station, it receives signals most favorably which travel 
along that line, and is less responsive to signals and static 
coming from other directions. The signal built up along 
the long stretch of wire by the swiftly passing radio wave 
is much stronger than that picked up on a loop antenna. 
The latter consists of a number of turns of wire wound 
about a wooden frame. With loop reception in 1923, the 
percentage of disconnected words heard correctly during 
intelligibility tests might be sixty under a given set of con- 
ditions. In 1925, under approximately similar conditions, 
and using the wave antenna the percentage was as high as 
ninety. 


SECRECY FOR THE Rapio TELEPHONE 


Except in the temporary installation of the radio tele- 
phone link between Los Angeles and Catalina Island 
already mentioned, the provision of secrecy has not been 
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a paramount issue in our radio experiments. Although 
there are several methods now available by which voice 
waves may be “shuffled” and “unshuffled” to the con- 
fusion of unwanted listeners, it is not a simple matter to 
apply these to single side band radio telephony. If the 
many other difficulties in transatlantic radio telephony 
are mastered, there is no reason to believe that adequate 
secrecy cannot ultimately be provided. 


KNOWLEDGE OF ERRATIC BEHAVIOR OF WIRELESS 
ConNECTING Circuit Is NECESSARY 


As has already been pointed out, the years 1922 and 
1923 saw the terminal equipment in radio telephony, that 
is the machinery and tools at the disposal of the engineer, 
attaining a satisfactory status. It was, therefore, realized 
that to place transoceanic radio telephony on a sound 
engineering basis, the connecting circuit would have to be 
more thoroughly studied and understood and an analysis 
of the erratic behavior of radio transmission be made. 
With respect to the clarity and uniformity of reception 
obtained in Europe, results of the 1923 tests represented 
a distinct advance in the art over the transatlantic tests 
of 1915. However, the 1923 tests were carried out during 
the winter which is most favorable to radio transmission, 
and it was realized that an extensive study of the trans- 
mission made during less favorable times would be re- 
quired. 

Although it would be most sanguine to expect that the 
ether connecting circuit would ever be on a par with the 
terminal equipment as regards reliability, nevertheless, 
it was felt that a statistical survey would reveal the neces- 
sary steps to be taken for the provision of reasonably 
reliable telephone service across the sea. 


SALIENT Pornts REGARDING VAGARIES OF THE 
EruHer Patu 


For a period of over three years telephone engineers 
in both the United States and England have cooperated 
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in obtaining the necessary data for cataloging the effect 
of the whims and caprices of atmospheric absorption, the 
sun’s radiation and the earth’s magnetism in radio waves. 
The observations thus far made number over 40,000 and 
relate primarily to the relation of time of day and day of 
year to the strength of radio signals and the amount of 
static noise. As was to be expected, it has been found that 
static noise and wave absorption are much greater in 
summer than in winter. These measurements again 
point out the well-known fact that the day transmission 
is not as good as the night transmission. During the 
morning hours in New York, however, the transmission 
is quite satisfactory. The poorest transmission of the 
day occurs a few hours before sunset in New York. In 
fact, within a period of a few hours, atmospheric condi- 
tions may change so greatly that an increase of the trans- 
mitting power by a factor of 10,000 is required to drive 
through audible signals. Furthermore, the study of noise 
points to interesting conclusions as to the geographical 
regions in which static originates. An analysis of the 
records indicates that most of the noise in England comes 
from the South, probably in a large degree from equa- 
torial Africa, and in America, static was found to be like- 
wise of tropical origin. Fortunately, in both cases the 
static comes in an almost opposite direction to the trans- 
mitted signal path across the sea, thus permitting con- 
siderable elimination of the static by the use of the highly 
directive wave antenna. Static is also affected by day 
and night conditions, so that during the day, even though 
the signal strength is low, there is little static to contend 
with. On the other hand, during the night, signal 
strength may be very good, but it may be accompanied by 
considerable static interference. 

The discovery of a consistent relation between ab- 
normal variations in the earth’s magnetism and radio 
transmission has been most curious. Although an exact 
correlation of the fluctuation in the two factors has not 
been established, it is well known that an unusual change 
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of the earth’s magnetism such as occurs during a magnetic 
storm is accompanied by poor reception at night, while 
day time reception is materially bettered. Magnetic 
storms seem to be connected with sun spots whose occur- 
rence and intensity vary widely. Again, therefore, the 
uncertain character of radio transmission is emphasized. 


Telephonic intelligibility tests have been carried on by 
speaking many series of entirely unrelated words so that 
there was no possible way to aid correct reception by un- 
derstanding the thought of the context. Such tests are 
severe and the percentage of words understood varied 
widely during the hours of the day and the days of the 
year. When, during the winter months, complete dark- 
ness prevailed over the transmission path between Eng- 
land and the United States the percentage was frequently 
100, but at times of poor transmission the percentage 
dropped to something below forty per cent., and when 
sunset prevailed on the Atlantic Ocean, the percentage 
was occasionally zero. 


The carrying out of this extensive program has been 
made possible through the cooperation of the American 
Telephone and Telegraph Company and the Bell Tele- 
phone Laboratories, Inc., with the British General Post 
Office. The radio telephone transmitter of the Bell Sys- 
tem utilized space in the buildings and one of the two 
large antennas at Rocky Point, L. I., made available 
through the courtesy of the Radio Corporation of Amer- 
ica. Measurements of signals from this transmitter and 
the commercial radio telegraph station at Rocky Point 
and Marion, Mass., were made with receivers at New 
Southgate and Chedzoy, England. The British trans- 
mitting stations utilized in measuring the east to west 
transmission were the British Post Office telegraph sta- 
tions at Leafield and at Northolt. The receiving measure- 
ments in the United States were initiated at Green Har- 
bor, Mass., and continued at Belfast, Me., and River- 
head, L. I. 


[ 236 J 














SPIN SL-AUI9g AyD0y- yuo, MON 











opucy | MUIT OuIm 


UopUd} - UOQYB Nou 














SINOGEZ- 407/NOH - 





kqBny 


SIN OSES UO{YBNOUy.. quIdgKyooy | *IT OIPSY 
478g @ulM pul] ~ - OUrT |INY 








YIEg O1PY YDOuIg - eu!) Pe770g 






















NOLIYS 8 3ANO>D AVM-OML 
SLS31L JNOHdIT31 O1OVY DILNVTLY-SNVUL 














buyqWsUV8 Ly, O1Per 











Radio Telephone Developments of the Bell System 





TRANSATLANTIC TESTS IN Two-way CONVERSATION 


The tests at the present time are being directed par- 
ticularly to improving the antenna arrangements at the 
receiving end, further charting of the erratic behavior of 
the radio transmission, and studying the difficulties in- 
volved in connecting such a circuit into the wire lines of 
the Bell System and the British Post Office. 

The best statement which can be made as to the 
promise of this work for the giving of commercial service 
is made in the April Bett TELEPHONE QUARTERLY, page 
122, under “Further Progress in Transatlantic Teleph- 
ony.” 

J. O. PERRINE. 
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Some Problems of Statistics and Economic 
Research in the Bell System 


From an address delivered at the Bell System Educational 
Conference at New York, June 21-25, 1926. 


SHALL turn now to a consideration of some of the 

statistical problems of the telephone industry. In 

this connection, I shall consider statistics from a 
broad overall viewpoint and I should like to set a back- 
ground for the discussion of statistical work by pointing 
out briefly its function and organization in our industry. 

When we speak of statistics and statistical work, we 
generally have reference not to the processes of collection 
and compilation of raw data, but rather to the statistical 
processes involved in the application to the existing pri- 
mary data of methods of analysis and interpretation 
which serve to clothe them with interest and meaning for 
administrative purposes. In other words, we look upon 
statistics chiefly as a method of attack upon managerial 
problems. All important operations must be under proper 
analysis; anc supervisors throughout the business must 
have the pertinent information as to the activities under 
their jurisdictions in the form most adapted to their use. 
Through the application of statistical methods, current 
performance must be measured, significant relationships 
studied, past experience analyzed, and future experience 
appraised; and the results and conclusions of such studies 
and analyses must be concisely and effectively presented 
for the information and guidance of those in authority. 
The formulation of policies must be based upon due con- 
sideration of the relative statistical evidence. In short, 
statistical work may properly be characterized as a vital 
mechanism in modern business administration, and the 
problems it presents should be viewed in this light. 

Work of this fundamental character, which is so 
interwoven with the processes of management, naturally 
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cannot be segregated or centralized, except as to those 
aspects which have company-wide application. The 
preceding discussions of the Conference have indicated, I 
think, that the use of statistical methods and the per- 
formance of analytical work which is largely statistical in 
character—whether or not it happens to be carried on 
under the label of ‘‘statistics”—occupy a conspicuous place 
in the work of all departments of a telephone organization. 
This is, of course, as it should be. Each major branch 
of the business must have its own statistical mechanism 
adapted to its individual needs and adequate for its 
particular purposes; and the establishment and main- 
tenance of an appropriate and adequate mechanism con- 
stitutes a distinct problem in itself. 

The type of statistical and economic problems which 
have been selected for brief consideration this morning 
relate to what may be termed the business side of the 
industry as distinguished from its technical engineering 
side. These problems have been grouped under three 
main classifications, as follows: 


1. Problems related to the analysis of current opera- 
tions. These are problems connected with the 
statistical mechanism of current administrative 
control. 


2. Problems of economic research. These are prob- 
lems involved in the study and analysis of economic 
conditions outside the telephone industry. 


3. Problems related to the anticipation of require- 
ments. These are problems met in the broad work 
of “planning in advance.” 


These classifications are merely for purposes of con- 
venience in the present discussion. As we proceed, it 
will be apparent that the problems included in the differ- 
ent classifications tend, in certain instances, to overlap. 
But inasmuch as so many of the problems of statistics and 
economics throughout the business are intimately inter- 
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related, it is doubtful if any classifications could be set 
up which would be mutually exclusive; and accordingly 
no attempt has been made to establish any more rigid 
groupings. 


PROBLEMS RELATED TO ANALYSIS OF CURRENT 
OPERATIONS 


The first of these main classifications concerns statis- 
tical problems related to the study and analysis of current 
performance and results throughout the business, to the 
end that high standards of efficiency and economy will 
be maintained in all operations. The types of statistical 
problems which fall under this classification may perhaps 
be grouped under three heads, which correspond to three 
of the four general objectives of the telephone business 
mentioned by Mr. Gherardi at the opening session of the 
Conference; namely, first, to give satisfactory service to 
the public, second, to render this service at the lowest 
possible cost, and third, to produce a fair return upon the 
value of the property. Accordingly, I shall mention 
examples of problems under each of these heads. 


ANALYSES OF OPERATING PERFORMANCE 


First, then, as to some problems related to the quality 
of telephone service. Here the telephone companies are 
interested in analyzing the service from the point of view 
of the customer. For instance, the customer is desirous 
of having his call handled promptly and completed without 
error. If he places an order for a new telephone, he wants 
it installed as soon as possible. He wants his instrument 
kept in repair at all times and, if out of order, to have 
it restored to service quickly. 

To assure that service is maintained at a satisfactory 
standard, the Bell companies—as pointed out by pre- 
ceding speakers—have established records which afford a 
statistical measurement of the quality of performance 
in the various fields of contact between the company 
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and the public. Some of these records tabulate the 
reactions of patrons to the service received; others are 
built up from careful internal observations, inspections 
and tests. Some fields of activity can be covered fairly 
completely by such performance records; in others, how- 
ever, it is necessary to make use of the statistical method 
of sampling, the records in these cases reflecting observa- 
tions covering only an appropriate portion of the trans- 
actions under survey. For example, in traffic work it is 
impracticable to record the handling of every call made 
by the public, for, as Mr. Waterson told you, the Bell 
System puts through an average of 50,000,000 calls a day. 

Absolute perfection of performance will, of course, 
always be unattainable. One general problem of the 
management, therefore, is to determine the degree of 
perfection in telephone service activities that can reason- 
ably be attained; and the performance records to which 
I have referred must be studied in conjunction with the 
determination of such appropriate service standards. 

Continuing statistical analysis of the results shown by 
measurement records must also be carried on to deter- 
mine the extent to which service standards are being met. 
Such analysis enables the management to locate operat- 
ing areas and points where service is lower or higher than 
average or expectancy. The lower areas may then be 
studied so as to remove the difficulties, and the higher 
areas investigated to determine if the results are due to 
some particular practice which might advantageously be 
employed more widely. 


Cost MEASUREMENTS 


The statistical problems which fall under the objec- 
tive of the telephone company to render satisfactory 
service at a minimum cost, relate primarily to the measure- 
ment of the costs of performing those classes of telephone 
work which are relatively standardized and homogeneous 
in character. Through such cost measurements, supple- 
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mented where necessary by careful studies of the time 
required for the performance of the various component 
operations, normal standards of expense can be established 
for each class of work as a measuring stick for actual 
costs; and cost comparisons can be made among various 
units of the company organization performing similar 
operations. Where the operation under measurement is 
composed of sub-processes which vary somewhat in 
character and volume among different units of the organ- 
ization, in determining a uniform basis for overall cost 
comparisons it is necessary to make proper allowance for 
such variations through the application of statistical 
weights to the several subprocesses. Analysis of the 
comparative costs developed from such measurement 
studies serves to indicate, as in the case of the service 
measurement work already mentioned, where costs are 
relatively high and, on the other hand, where the best 
results are being obtained. 


STATISTICAL ANALYSIS OF ACCOUNTING RECORDS 


The third group of statistical problems related to the 
analysis of current operations comprises those incident to 
the necessity of securing a fair return upon the property 
used in the business. 

The particular types of statistical problems which I 
had in mind in setting up this group are those involved 
in the analysis by the Accounting Department of the 
financial results of operations as shown by the regular 
accounting records and reports, and the dissemination of 
these results and analyses to appropriate executives and 
supervisors in clear and concise form. In their original 
state, the data in the accounting records are the results 
of processes involved in the systematic classification of 
financial transactions and in the summarization of these 
transactions into true statements of the financial status 
of the company. If these data are to serve their full 
value for current administration, they must be further 
analyzed from a statistical viewpoint. It is therefore 
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the task of the statistical analyst to break down these 
totals into their component elements and to study the 
trends, fluctuations and significant relationships of each 
component separately. Overall financial results must also 
be broken down by operating areas, and results in each 
area must be examined both in the light of past per- 
formance in that area and in comparison with similar re- 
sults in other areas. Company averages must be dissected 
horizontally by subaccounts and vertically by geographi- 
cal areas in order to ascertain what components are 
higher than the average, and what components are lower. 
All this means that the accounting data must at all times 
be under analysis and that unfavorable showings in the 
data must be quickly detected wherever they may 
appear. 

In view of the large volume of accounting data neces- 
sary to the successful conduct of our business and the 
increasing responsibilities of executives and supervisors, 
we are confronted with a real problem in the presentation 
and dissemination of such data, and analyses based upon 
them, for administrative use. In the first place, the 
information which is distributed must be confined to 
facts which are significant. Indeed, so important is this 
requirement that one of the prime requisites of statistical 
work is a proper appreciation of the relative importance 
of facts and the ability to select the significant. In the 
second place, the significant facts must be presented in 
a concise and effective manner. The presentation may 
be made in the form of text, sometimes in brief summary 
tables, and in graphic form; or a combination of text, 
tables and charts may be desirable, depending upon the 
nature of the material and how it is to be used. In the 
regular presentations of current results which are made 
each month, the needs of executives for information as to 
trends, relationships and comparisons have tended to 
increase the use of graphic methods. As a matter of 
fact, because such information generally cannot be shown 
effectively in tabular form, a substantial part of the ma- 
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terial which is furnished telephone executives regarding 
the trends of the business, current fluctuations, relations 
to standards and estimates, and area and unit comparisons 
is being presented through the medium of charts; and I 
believe that graphic methods are assisting executives to 
visualize the workings of the business and thus tend to 
compensate for the inevitable loss of direct contact with 
operations which growth has entailed. 

Involved in the analysis of current results is the 
development of statistical measurements of the influence 
of various significant forces within and without the busi- 
ness. Changes in operating practices or in operating areas 
frequently necessitate adjustments in series of telephone 
data for statistical purposes in order to preserve homo- 
geneity. Then again, most series of telephone statistics 
reflect the expansion of the business, and hence, due 
allowance must be made for normal growth in the inter- 
pretation of the figures. In many cases, too, monthly 
data normally exhibit distinct seasonal characteristics 
which should be subjected to careful statistical measure- 
ment. Moreover, although the demand for telephone 
service has constantly expanded both in times of pros- 
perity and in times of depression, nevertheless changes in 
the level of general business activity appreciably affect 
the number of new telephones added and the volume of 
traffic handled. A wide field therefore exists for the 
study of correlation between internal factors and ex- 
ternal indices—and thus we are brought to the consid- 
eration of the problems of economic research which 
constitute the second main classification that I have 
established. 


PROBLEMS OF Economic RESEARCH 


Under this main classification, I shall mention briefly 
some of the problems connected with the rather sub- 
stantial amount of research in the field of external eco- 
nomic data which is carried on in the Bell System. 

People sometimes ask why we give as much attention 
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as we do to economic research work. It is unnecessary 
to explain to this audience, however, the need for such 
work on the part of our companies. It has already been 
pointed out that the Bell System is in the position of a 
merchant who makes an average of 50,000,000 retail sales 
a day; certainly such a merchant must analyze carefully 
the present and future character and condition of his 
market. Furthermore, the Bell System disburses about 
one billion dollars annually for wages, materials, etc., 
and its continued growth necessitates that it ask in- 
vestors to furnish in the neighborhood of $150,000,000 
new capital each year. Such considerations as these 
clearly indicate the great value, indeed the absolute 
necessity, of research in the external economic field 
through the study of current business conditions, com- 
modity and money markets, long term trends of economic 
factors and long time developments of markets for tele- 
phone service. 

Through processes of statistical correlation we have 
definitely established that the current volume of tele- 
phone traffic and the demand for new telephone facilities 
are affected to some extent by general business conditions. 
This does not mean that the telephone industry is a 
prince and pauper industry, for it is not. On the contrary, 
as was said a moment ago, the growth of the demand for 
telephone service has been so substantial and so consistent 
that the fluctuations of general business has served 
merely to change the rate of growth. In other words, 
the telephone industry is one of relative stability and its 
fluctuations are of narrow proportions; but such fluctua- 
tions do exist and hence careful study and measurement 
of current business conditions are essential to the full 
analysis and interpretation of movements of various ele- 
ments within the business. It is also significant in this 
connection to note that, for the Bell System as a whole, 
the margin of revenues over necessary operating expenses 
and capital charges is less than one cent per telephone 
per day. 
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CURRENT Economic STUDIES 


Numerous public expressions of opinion on business 
conditions appear frequently in print. We have found, 
however, that in many instances the picture they pre- 
sented was at best partial and in any case was likely to be 
subjective instead of objective in character. Therefore 
we felt it important that we should undertake to apply 
quantitative analysis to such economic data as were 
available, and then to supplement this quantitative 
analysis with our own qualitative analysis, or economic 
interpretation, of current economic events and develop- 
ments. Our quantitative analysis has taken the form of 
statistical studies of individual industries and of indi- 
vidual economic factors, such as wages, profits, interest 
rates and prices, and has included also the construction 
of an index giving a composite picture of general busi- 
ness activity in the United States and its monthly fluctu- 
ations above and below a line of normal growth. It is 
with the movements of this composite index of general 
business that we have found correspondence in the 
fluctuations of demand for telephone service. 


In all of this work it is, of course, first necessary to 
build up a considerable body of fundamental economic 
data from all available sources, governmental and private; 
and this part of the work requires a good knowledge of 
sources and the maintenance of a fairly wide range of con- 
tacts through which information of value can be ob- 
tained. These data must then be studied and analyzed 
to determine their significance and particularly their 
significance for our purposes. In the analysis of the 
data, we employ mathematical methods wherever they 
are applicable, and we are constantly seeking for improved 
technical methods of analysis; but the technical analysis 
of the data can be regarded only as a single step in the 
analytical process. We do not hold the view that in the 
social sciences we can do as exact a job of measurement 
as can the natural scientist in his laboratory. But, as 
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imperfect as are the raw materials with which the economic 
statistician works, and as imperfect as are the technical 
tools of analytical treatment, we nevertheless feel that 
by intelligent use of both data and tools we can get a 
fairly good approximation of the truth as to current in- 
dustrial conditions and can reach sounder conclusions as 
to the trend of future conditions than can be done in any 
other fashion. 

In referring to economic work thus far, I have been 
speaking primarily from the standpoint of the nation- 
wide research which is carried on here in the American 
Company, the headquarters organization. However, 
while the work of economic research is somewhat broader 
in scope here than in our Associated Companies, it is 
still fairly typical of the character of the work throughout 
the System; for each company undertakes, in greater or 
lesser degree, similar economic studies covering condi- 
tions in their respective territories, which are related to 
our studies of national conditions on the one hand, and 
to their own particular problems, on the other. 


Economic FORECASTS 


As already indicated, it is not possible for telephone 
companies to confine their economic research to the 
analysis of current economic conditions. They are also 
faced with the problem of reaching the soundest possible 
conclusions as to the course of economic factors and con- 
ditions in the future, and must supply answers to such 
questions as the probable future trends of industrial ac- 
tivity, the price of capital, the price of labor, construction 
costs, general commodity prices and the cost of living. 
In trying to answer these questions, endeavor is made 
to take proper cognizance of, and to make due allowance 
for, the multitude of domestic and international develop- 
ments which are contributing to the extraordinarily 
interesting economic evolution which is now in process. 
Recognizing that no situation that obtains today is com- 
parable with any situation of 25 or 50 years ago because 
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of the rapidity of economic change in the present highly 
industrialized world, we are inclined to be skeptical about 
the value of historical analogy as a complete answer to 
problems of long-time trend, just as we are skeptical 
about the value of mechanical forecasts in the study of 
business conditions in the immediate future. This is not 
to say that we belittle the value of economic history; 
no one is more interested in it than we, but we feel that 
an economic student who draws conclusions based solely on 
historical analogies, with the same assurance with which 
a chemist or physicist predicts the outcome of repeated 
laboratory experiments, has not learned his economics. 
Finally, specific mention should be made of the 
economic studies carried on here and in the Associated 
Companies which seek to answer the question: What will 
be the market for telephone service in this or that locality 
or region, 10, 15, or 20 years from now? These studies 
involve quantitative and qualitative forecasts of popu- 
lation growth and shifts and, as a prerequisite thereto, 
analyses of regional and industrial developments and 
trends, and intensive local surveys. How will the city of 
Chicago develop over the next two decades, not only as to 
numbers but as to distribution of population and indus- 
try? Will this residential district be encroached upon by 
commerce or business, and will that high grade resi- 
dential district give way before the spread of some lower 
grade district? What will happen to Los Angeles? And 
to Florida? Will the South continue to expand its cotton 
textile industry and the St. Louis district its manufacture 
of footwear, at the expense of New England? What 
states and what cities will be particularly affected in the 
future, in one way or another, by rural migration to the 
cities or by negro migration? Will any factors besides 
legislation tend to restrict European migration to this 
country? Is the centre of gravity of the iron and steel 
industry going to move further West than it already has, 
and if so, where? These are the types of questions to 
which reasoned and intelligent answers must be sought. 
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The problems of economic research looking into the 
future leads us naturally into the consideration of the 
third main classification of problems, namely, the prob- 
lems related to the anticipation of requirements. As a 
matter of fact, the estimating of future economic condi- 
tions and factors is basic to the anticipation of require- 
ments for telephone service; but, for purposes of con- 
venience, I have discussed the economic problems to- 
gether. 


PRoBLEMS RELATED TO ANTICIPATION OF 
REQUIREMENTS 


At the risk of repeating what has already been said, 
I should like to recall to your minds the two basic factors, 
more or less peculiar to the telephone business, which 
make the anticipation of future requirements even more 
indispensable to the telephone business than to manu- 
facturing and merchandising enterprises. The first of 
these factors arises out of the responsibility of the tele- 
phone companies to deliver service when and where it is 
required, and the very long period of advance prepara- 
tion which is necessary to meet this responsibility. 
Months and even years before a prospective subscriber 
makes known his demand for service, large and specially 
designed buildings must be constructed, expensive switch- 
boards must be installed, underground conduits and 
cables, pole lines, wire and aerial cables must be extended 
along appropriate routes. The manufacture and placing 
of all of these major components of the telephone plant 
requires time, and the entire job must be engineered on the 
basis of a reasonably accurate picture of telephone 
service demands for a considerable period in advance. 
The second factor has to do with the relatively perma- 
nent character of telephone company investments. Not 
only must the aggregate requirement for various classes 
of telephone plant be foreseen as accurately as possible, but 
each individual unit must be placed as nearly as possible 
in the particular location where need for its use will 
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materialize. The rapid turnover of capital ordinarily 
experienced in commercial operations is absent in the 
telephone business; and to construct telephone plant un- 
suitable as to size, character or location would result in 
economic waste on a large scale. 

In the Bell System, one of the indispensable adjuncts 
to successful administration and operation is the Budget 
Plan which provides for the preparation each year of a 
complete statistical summary of construction, operating 
and financial facts, both as shown by a pertinent period 
of past performance and as forecast for a reasonable 
future period. This annual summary or Budget makes 
available to those who administer the Bell companies a 
fairly comprehensive picture of the growing and changing 
character of the business to aid them in reaching well 
balanced judgments as to the lines of development neces- 
sary to meet the public needs and as to the best ad- 
ministrative policies and practices to be followed. 

The work of appraising future telephone require- 
ments and performance is a continuous one in all de- 
partments of the business, and the results of a con- 
siderable part of this work enter directly or indirectly into 
the Budget forecasts. However, as Mr. Gherardi will 
address you later on in the day on the general subject 
of the Budget and planning in advance, I will only sketch 
briefly one or two of the problems underlying the prepara- 
tion of Budget estimates as indicative of the general 
character of the problems involved in the statistical work 
of planning in advance. 


BupGcet PROBLEMS 


Of foremost importance among these problems are 
two to which I have already referred, namely, the fore- 
casting of future economic and financial conditions in so 
far as these may be anticipated, and the statistical 
measurement of the probable effect of these conditions 
upon various elements of the telephone business. In 
addition, statistical estimates must be made of the 
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population growth in the territory to be served, not only 
as to amount of growth but also as to the economic 
characteristics of the new population. These popula- 
tion studies must then be resolved into estimates of the 
future number of telephone subscribers and the future 
demand of these subscribers for telephone service, meas- 
ured both in terms of number of telephone calls of each 
of the various classes of service and in terms of revenues. 
On the basis of these estimates of service requirements, 
a construction program must be developed to provide 
not only for necessary replacement of present plant, but 
also for the additional facilities which will be required. 
Estimates must also be prepared as to costs of handling 
increased traffic and costs for the maintenance of plant. 
These and many other related factors must then be 
resolved into specifications of material and labor re- 
quirements, capital expenditures and operating expenses. 
In fact, every function of the business must develop a 
statistical program of its activities for the Budget period. 
The result is a statistical forecast of each of the major 
items of revenue and expense, and these when properly 
coordinated and combined furnish a comprehensive pic- 
ture of expected net earnings and the probable net capital 
requirements which must be provided through a properly 
coordinated financial program. 

Just one more point to suggest a little more definitely 
some of the details of the statistical aspect of these 
various budget problems, i.e., the problem of estimating 
future net gain in the number of subscribers’ telephones. 
As you know, there are two separate avenues of approach 
to this problem, the results of which can be checked one 
against the other. One approach starts with estimates 
by individual exchange areas which, through processes of 
summarization and review, are combined into a company 
composite; the other starts with estimates of totals for 
the company as a whole, which may later be broken down 
into subclassifications. The latter approach involves 
the application of statistical technique of the variety 
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which has already been mentioned in connection with the 
analysis of current performance. Trend lines are de- 
veloped out of past experience which are believed to 
provide a reasonable picture of the general level of gains 
during the next few years. Seasonal indices and meas- 
ures of correlation with various indices of outside business 
conditions are developed from careful analysis of re- 
corded experience, and these, together with due allow- 
ance for the probable influence of factors inherent in the 
business itself, provide the basis for forecasting the 
fluctuation of actual net gains above and below this 
general level. This overall statistical analysis is carried 
on by principal classes of telephones and forms an ex- 
ceedingly valuable basis for criticism and coordination 
of the results which have been built up out of the fore- 
casts by separate areas. 

In concluding this paper may I again emphasize the 
fact that I have attempted only to give you a general 
idea of the nature of the problems which are met in the 
accounting and statistical work of the Bell System and to 
indicate our method of approach to them. There will 
always be a wide field for further development in this 
direction and full opportunity will be afforded for the 
exercise of sound judgment and skillful analysis looking 
toward continued improvement in methods and toward 
obtaining from accounting and statistical data the utmost 
service which they can render to the industry. 


C. A. Hetss. 
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1926 Stock Issue of the American 
Telephone and Telegraph Company 


HE twenty-third offer of additional stock to stock 

holders for subscription by the American Telephone 

and Telegraph Company and its predecessor was 
made on May 19, 1926, the par value of the amount offered 
being $154,127,600. The terms of the new offer were 
substantially the same as for the previous issue in 1924, 
but this time the ratio was in the proportion of one new 
share for six old shares instead of one for five. As stated 
by the President in announcing it, the purpose of the new 
issue is to provide the Bell System with funds for new 
construction needed to care for additional business result- 
ing from the constantly greater use of telephone service. 


LarGceEst Issug or Its Kinp 


The 1926 issue was the largest of its kind ever made, 
but exceeded by only $3,000,000 the amount offered in 
1924. In this connection a recent compilation shows that 
there are only thirty-six corporations in the United States 
having total capital stock outstanding greater than the 
amount of this offer and two of these are Bell System 
Companies—the American Company and the New York 
Company. When all the new stock has been fully paid 
for and issued, the outstanding share capital of the Ameri- 
can Company will be approximately $1,100,000,000 or 
more than $200,000,000 in excess of that of the next largest 
corporation in the United States. Stock certificate No. 
NR 92693 for one share—the share that carried the 
amount issued to an even one billion dollars—was issued 
on August 4, 1926. 


Economic CoNDITIONS FAVORABLE 


The time selected for the offer proved to be very suit- 
able. General business activity had been and was con- 
tinuing at a high level, interest rates were low and credit 
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conditions easy, bond prices reached their peak and re- 
ceded only slightly during the period and stock prices fol- 
lowing the spring recession began advancing simultane- 
ously with the announcement of the issue and continued 
throughout the subscription period. Under these cir- 
cumstances and in view of the thorough measures taken 
to inform stockholders of the value of their rights, it is not 
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surprising that the number of subscriptions to the issue 
established a new record, reaching 226,700 and surpassing 
by some 80,000 the total number of stockholders of any 
other corporation in this country. 

During the period of the offer, both stock and rights 
maintained a steady price and after the expiration date, 
that of the stock advanced gradually. This action as to 
price clearly indicates not only that the issue was well 
subscribed but that there has been a continued demand 
for the stock on the part of investors. 

The degree of investment absorption which such a 
stock enjoys may be judged with fair reliability by the 
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volume of market trading in the stock. During an aver- 
age month recorded sales of American Telephone stock 
on the New York and Boston Stock Exchanges have been 
less than 1% of the total stock outstanding, whereas for 
one of the well-known market leaders the monthly turn- 
over is approximately 17%. Chart No. 1 compares the 
volume of transactions in American Telephone stock on 
the New York Stock Exchange during the period of the 
recent stock issue with that of the 1924 issue. Chart No. 2 
shows a similar comparison for transactions in rights. 
The fact that the 1924 volume exceeded the 1926 volume 
in both instances, even though the number of rights and 
the number of shares outstanding during the latter period 
was greater by 22%, indicates the stronger investment 
position which the stock now holds. 


SoME SIGNIFICANT STATISTICS 


It will be of interest here to review other comparative 
statistics for the 1924 and 1926 issues. As shown in Table 
No. 1, the number of stockholders entitled to rights in the 
latter issue was 17% larger, whereas the volume of sub- 
scriptions received increased by 18%, and the number of 
stockholders subscribing increased by 23%. It will also 
be seen that the proportion of the new stock subscribed 
for by existing stockholders increased somewhat with the 
result that 26% fewer new stockholders were obtained 
through subscriptions to the 1926 issue. Such facts tend 
to confirm a conclusion which had been reached from a 
study of previous issues that the higher the price of the 
stock in the market, the greater is the proportion of the 
new issue taken by stockholders of record. 

The average number of shares subscribed decreased 
13% per subscription for the 1926 issue as compared with 
the 1924 issue, coinciding curiously with a 138% decrease 
in the average amount offered per stockholder. That a 
smaller proportion of the stock was subscribed for under 
the installment plan in 1926 is but another indication of 
the plentiful supply of capital seeking investment, which 
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has been an outstanding feature of the present era of sus- 























tained prosperity. 
TABLE I 
COMPARATIVE STATISTICS OF THE 1924 AND 1926 STOCK ISSUES 
(1926 Figures Partly Estimated) 
Increase 
of 1926 
1924 1926 over 1924 
Par value of stock offered............ $151,157,500 | $154,127,600 2% 
Par value of stock subscribed......... 149,174,800 | 152,520,000 2% 
Par value subscribed under single pay-} 
MNES. Shbdt's Sei cst st bss 122, oy 000 | 127,873,200 4% 
Per cent. of Total.................. 1% 83.8% 1.7% 
Market value of a share on the closing 
date for subscriptions. ............ $125% $143 $17% 
Number of stockholders on the record 
OA Soe cape 316,096 371,347 17% 
Number of subscriptions under single 
Sy 140,010 173,268 24% 
Per cent. of Total subscriptions ..... 72.8% 76.4% 3.6% 
Nuniber of by cong 5 88 under install- 
<<a) Pa rs nS Sa 52,221 53,432 2% 
Per cent. STesialndiontotions ataset 27.2% 23.6% —3.6% 
Total subscriptions................. 192,231 226,700 18% 
Number of old stockholders sub- 
SU BU Edo. .celne cs cesss. 174,593 214,600 | 23% 
Per cent. nt of stock subscribed by old 
oid csntheothnne odode 86% 94% 8% 
Number of new stockholders sub- 
aL ed Rabe og sige raaget 17,638 13,100 |—26% 
Average shares offered per stockholder 4.78 4.15 —13% 
Average shares per single payment 
ES Seon kina rah Waddctve s 8.74 7.38 —16% 
Average shares per installment sub- 
SIGS do cbt oho dabbceses capa 5.12 4.61 —10% 
Average shares per total subscription. 7.76 6.73 —13% 














Of the 226,700 subscriptions received, 76.4% were on 
the single payment plan and 23.6% on the installment 
plan. Statistics have now been compiled for the full paid 
Chart No. 3 shows these classified as 
to size of subscriptions with the unshaded portion on the 
top of the column representing the number of new stock- 
holders gained in each group and it also compares the 
results with the 1924 issue. 


subscriptions only. 


The interest of small sub- 
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scribers is indicated by the large proportion of total sub- 
scribers within the lowest group. 

The number of fully paid subscriptions during the 1926 
and 1924 stock issues classified between men, women and 
others is set forth in Chart No. 4. In both cases the ma- 
jority were women. 

Many subscribers were glad to take advantage of one 
of the changes in the stock issue terms which permitted 
them to obtain their stock certificates upon payment in 
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full prior to the expiration date, with the result that the 
Company received a substantially greater amount in cash 
in advance of the final date than was the case for the 1924 
issue. Altogether 62,000 stock certificates were issued 
and delivered prior to August 2, the closing day for the 
acceptance of subscriptions. 


LocaL CoNTACTS WITH SUBSCRIBERS 


In 1924 for the first time provision was made by the 
Bell Telephone Securities Company for it to buy or sell 
subscription rights as desired by stockholders, over the 
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counter and by mail in New York and Boston and through 
the Associated Companies at the local commercial offices 
in those states where the Direct Sales Plan was in effect. 
The Associated Companies report that the arrangement 
as it affected them proved valuable in the contacts it gave 
them with their patrons and the services furnished were 
so generally appreciated that similar arrangements were 
made in 1926 and in addition a plan was adopted under 
which local offices received subscriptions and transmitted 
them to the American Company. As evidence that the 
assistance thus extended was most welcome over 34,000 
subscriptions were forwarded through Associated Com- 
panies operating under this plan and in addition 50,000 
transactions in the purchase and sale of rights were taken 
care of locally. 

The territorial distribution of these transactions is 
given in Table No. 2. It is interesting to note from this 
table the relation in the various territories between the 
number of transactions handled and the number of stock- 
holders of record who have purchased shares through the 


TABLE II 


1926 STOCK ISSUE TRANSACTIONS HANDLED LOCALLY BY 
ASSOCIATED COMPANIES FOR THEIR PATRONS 




















Purchases and 
Sales of Rights Subscriptions Filed 
Territorial Number | In Per Cent | Number | In Per Cent 
Classification of of Security of of Security 
Trans- | Plan Stock-| Trans- | Plan Stock- 
actions holders actions holders 
New England Group........... 2,024 194.4 1,458 140.1 
Eastern Group................ 14,591 67.6 9,976 46.2 
ee 10,600 49.6 6,814 31.9 
Southern Group............... 1,851 34.4 1,167 21.7 
Northwestern Group........... 3,102 50.0 2,069 33.4 
Southwestern Group........... 6,800 62.3 4,703 43.1 
Mountain Group.............. 2,476 56.6 1,788 40.9 
EL, sn coms cnctacdues 8,453 81.7 6,140 59.3 
WE irk to coed) wide datas 49,897 61.4 34,115 42.0 

















Nore: Security Plan Stockholders are those who have purchased shares through 
the Direct Sales Plan provided by the Bell Telephone Securities Company. 
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stock sales campaigns conducted by Associated Com- 
panies, since it would be expected that those who have 
acquired stock through the Direct Sales Plan would be the 
first to use the local facilities provided in connection with 
the stock issue. The convenience of this method of hand- 
ling their subscriptions was particularly appreciated by 
the smaller stockholders, the average for subscriptions 
received through Associated Companies being 3.2 shares 
as compared with an average of 6.7 shares for all sub- 
scriptions. 
There was also a substantial increase over 1924 in the 
number of rights purchased and sold by applicants 
_through the assistance of Associated Companies. An 
especially large increase occurred in the number of rights 
bought in this manner, undoubtedly as a result of the 
new opportunity given the patrons of these companies of 
filing their subscriptions locally at the same they sought 
assistance and purchased rights. 


Riguts SACRIFICED 


Notwithstanding the efforts made to acquaint stock- 
holders with the value of their rights and to warn them 
against allowing these to lapse, a small percentage of the 
new stock was as heretofore left unsubscribed as a result 
of the failure of a comparatively few to realize upon their 
rights, by subscription or sale. However, through the 
cooperation of Associated Companies with their patrons 
and through the closer relations they have established 
with stockholders, the number of rights left unused for the 
1926 issue is smaller than for any of its predecessors since 
the issue of 1916 when the Company had but 70,000 
stockholders. Only 16,000 shares, or just over 1% of the 
issue remains unsubscribed, but even this at the closing 
price for rights on the New York Stock Exchange repre- 
sents a loss to the stockholders affected of more than 
$600,000 in the value of rights allowed to expire. The 
shares not subscribed for are now available for sale by the 
Company at the market price at any time and if sold the 
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price received will be placed in the treasury for the benefit 
of all of the stockholders. 


CasH RBCEIPTS 


Since 246,000 shares of the issue have been subscribed 
for under the installment plan calling for final payment as 
of April 1, 1927, the entire cash proceeds of subscriptions 
will not be realized before that date. However, $136,- 
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350,000 representing 87% of the total, have now been 
received and the amount of cash not required immediately 
by Associated Companies for plant extensions has been 
invested in the highest grade of short term obligations, 
consisting principally of securities of the United States 
Treasury and notes of states, counties and cities issued in 
anticipation of taxes. Through careful estimates of daily 
stock issue receipts and when the funds would be re- 
quired from time to time, it was possible to contract in 
advance for the purchase of these securities and the funds 
were invested promptly without adding appreciably to 
the average cash balances maintained at normal times. 
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PROBLEMS PRESENTED 


To those in the Treasurer’s office struggling under the 
pressure of the great quantity of work involved in an offer 
of stock to 371,000 stockholders and in the acceptance of 
226,700 subscriptions, it was evident that few of the banks 
or brokers or individual subscribers had any real apprecia- 
tion of the problem presented. An issue of small propor- 
tion is a relatively simple operation, but complications 
grow and multiply out of all proportion as the number of 
subscriptions increases. The problem is a peculiarly diffi- 
cult one for a number of reasons. Such offers are made 
infrequently and spread over a short period only; the 
work swells to a sharp climax at the end; the subscribers 
live throughout the United States and in many foreign 
countries; and there are always many of them who are 
entirely unfamiliar with such operations. Chart No. 5, 
showing subscriptions received by weeks, gives a graphic 
picture of how the peak is attained. On the closing day 
alone more than 52,000 subscriptions were received over 
the counter and through the mails. 


ORGANIZATION AND METHODS 


A general idea of the organization in the Financial De- 
partment for handling subscriptions may be obtained from 
the diagram on page 262 which shows the major divisions 
of the process with the approximate number of employees 
required. But the simplest case, however, required some 
fifteen separate operations and more complicated cases 
from five to ten additional. 

The subscription cases divided themselves into three 
types—those forwarded through the mail; those received 
over the counter in the Treasurer’s Offices; and those filed 
through Associated Companies. When the subscriber 
came to the office and handed his subscription over the 
counter it was a comparatively simple matter. If he did 
not understand the correct amount to pay or needed to 
buy rights or wanted to sell excess rights or had lost his 
warrants, the necessary course of action could be explained 
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MAIN STEPS IN HANDLING 226,700 SUBSCRIPTIONS 
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to him readily and he left completely satisfied, with his 
case usually closed. There were about 94,000 subscrip- 
tions made over the counter, assuming that all those filed 
through Associated Companies could be placed in this 
class, which means that 42% of the total cases were dis- 
posed of by personal contacts between subscribers and 
Bell System representatives. 

Of the remaining 133,000 subscriptions handled by 
mail about two-thirds required no correspondence, but 
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the balance—some 47,000—gave us our most difficult 
problem. Twenty-five thousand individually dictated 
letters and several thousands more of printed advices were 
used in disposing of these incomplete or incorrect sub- 
scription cases; but this does not give an adequate picture 
of the many difficulties involved, such as quickly training 
correspondents, reviewing and signing letters, maintaining 
follow-up files for stockholders’ answers, keeping records 
of mail in process and locating previous correspondence 
with incoming letters. Some stockholders thought nothing 
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of writing the Treasurer two, three or four letters in a 
week, never thinking there would be any trouble to bring 
the separate parts of their cases together and many banks 
followed what to them must have appeared a most busi- 
nesslike method of sending their subscription warrants 
with one letter and their subscription payments with an- 
other letter—both of which might or might not arrive on 
the same day with four thousand to eight thousand other 
pieces of mail. 
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However, with each successive issue, we have studied 
and improved methods and the general plan of organiza- 
tion last used represents a development which has realized 
great savings in the cost of handling subscriptions. To 
mention a few interesting economies: denominational sub- 
scription warrants are now used with stubs attached, and 
when the warrants are mailed out, these stubs are retained 
as the office record and thus save posting the data to the 
stock ledgers; later, the warrants themselves, when re- 
turned for subscription, serve as a basic alphabetical 
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record in place of separate account cards; and then with 
one typing operatio:: and the use of fanfold forms, suffi- 
cient copies of the subscription register are produced to 
serve eight purposes, thus saving six separate transcription 
operations at various stages in the stock issue process. 

With the most up-to-date methods it was necessary to 
build up a stock issue organization consisting of 102 per- 
manent employees from within the Financial Department 
and 537 temporary employees from entirely outside 
sources. The regular staff served as the nucleus of this 
force and the majority of the key positions were filled by 
permanent employees. But enough of those of experience 
were left to supervise another large group of temporary 
workers to handle the regular functions, including, during 
the stock issue period, the daily transfers of stock, the 
issue of the July dividend checks and the payment of some 
$6,200,000 of interest coupons. 

With the steady growth in the number of stockholders, 
the volume of additional work involved in an offer of stock 
has increased to a point where it is not possible to keep in 
the department during normal times a sufficient number 
of trained supervisory employees to fill all the added 
supervisory positions, and so it has been found not only 
necessary but possible to secure some such assistance from 
other parts of the Bell System. During the recent issue, 
fourteen employees were so obtained and they furnished 
invaluable assistance. 

A very large number of Bell System employees took an 
active part in handling various phases of the stock issue 
work and, as in the case of all important System under- 
takings, the employees, individually and collectively, con- 
tributed in great measure to its successful accomplish- 
ment. The manner in which the immense amount of de- 
tail associated with the stock issue was handled by every- 
one concerned was most gratifying and it stands as another 
of the many instances where loyal support and untiring 
effort have achieved the desired results. 


H. Buarr-Sm1tTa. 
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Service Order Routine in the Bell System 


N the furnishing of telephone service it is necessary, 
| of course, to provide a permanent physical plant— 

buildings, central office equipment, distributing cables, 
etc.—all of vhich is constructed with reference to the 
probable requirements of the community as a whole and 
which provides the centers and the great network of 
circuits which are essential to readiness to serve. This 
permanent plant is not individual in any sense, and does 
not serve its ultimate purpose until the subscriber’s sta- 
tion is connected to it. The service order routine is the 
agency through which are put in motion the various 
operations which join the individual subscriber’s station 
to this plant. Through it the service relationship with 
subscribers is established, the permanent plant is put 
into revenue production, and the station and wiring 
plant individual to each subscriber is installed. And if 
at a later date a subscriber’s service is to be terminated, 
this routine stops each of the operations which go with 
the furnishing of service. In brief, it makes and breaks 
the contact with the subscriber. 


Like most routines there is nothing spectacular in its 
operations, and the forty odd years of development which 
it has undergone since the telephone became a com- 
mercial undertaking have served to make it function so 
quietly and with such precision and coordination that 
the general public and many telephone employees them- 
selves know only in a very general way what it repre- 
sents. Yet in any large city fifty or more employees 
may contribute directly to the establishment of service 
on a single station, and each year the operations which 
the service order routine embraces account for about one- 
fourth of the gross additions to plant of the Associated 
Operating Companies of the Bell System, about one- 
sixth of the current maintenance and considerable por- 
tions of the Commercial and Traffic operating costs. 


[ 266 ] 











Service Order Routine in the Bell System 





Major Functions oF THE ROUTINE 


Since local conditions vary, there are minor differences 
in the service order practices of the various telephone 
companies, which is quite natural in a routine affecting 
so intimately each of the three operating departments— 
Plant, Traffic and Commercial—and the Accounting 
department. However, in all companies the routine has as 
its object these major functions: 


1. The taking of applications to establish, change or 
terminate customer’s service. 


2. The issuance of service orders to each department 
concerned, covering the work required to make the 
applications effective. 


3. The completion of these orders by the depart- 
ments, including the posting of the required records. 
In case of a new installation, this includes work— 

In the Plant Department, which assigns the 
plant facilities to be used, and installs and main- 
tains the service. 

In the Traffic Department, which operates the 
service, including the furnishing of information 
service. 

In the Directory Department, which lists the 
subscriber in the next directory. 

In the Accounting Department, which bills for 
the service, and posts the various statistical 
records. 

In the Business Office, which maintains a con- 
tinuing record of the service and deals with the 
subscriber as to any commercial matters which 
may arise. 


A schematic diagram of these operations is given in 
Figure 1. Each of the broadly descriptive items listed 
therein includes numerous detailed operations which must 
dovetail into one another, each in its proper sequence 
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and each in the proper time. The diagram in this figure 
relates to only one of the several classes of orders for 
which the service order routine provides, and each class 
differs from the others in some features of its handling. 
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In a typical method all of these operations have their 
genesis in a service application card which is designed 
to provide evidence of the subscriber’s contract for tele- 
phone service, and in addition carries all the informa- 
tion needed on the service order by other departments 
except the indications of the particular plant facilities to be 
used for the subscriber’s service. The present day service 
application card is a wholly adequate record but as com- 
pared with the contracts in general use at one stage of 
development of the service order practice is extremely 
simple. In a typical routine it is from this service appli- 
cation card that the service orders are written. 

Figure 2 illustrates the origination and routing of the 
various copies of a service order. 
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The multi-copy order is typed, the items shown con- 
sisting of information taken from the service applica- 
tion card, plus plant assignments designating the cable 
pair and the central office equipment items to be used for 
connecting the station. The various multiple copies of 
the order are then routed to the different forces con- 
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Fig. 2 


cerned in the execution of the order, as indicated in 
Figure 2. In order to illustrate the many operations 
performed by the various forces to which these order copies 
are routed, there is given below the principal steps for 
which just two of these different forces are responsible. 
Those occurring in the Wire Chief’s and the Chief Op- 
erator’s offices have been selected for this purpose. In a 
typical routine these are as follows: 

The Wire Chief on receipt of his service order copy 
runs the central office distributing frame wiring to con- 
nect the underground cable pair with the switchboard 
multiple and answering jack, or their machine switching 
equivalents, all as designated by the assignments on the 
order. He then tests the line to insure that the installer 
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will find it ready for use, and holds the order awaiting the 
installer’s call. When the latter calls and reports that 
the station has been installed, the Wire Chief tests the line 
and station to insure that it is clear of trouble and that 
the transmission is satisfactory. He then notifies the 
Chief Operator that the service has been installed, and 
prepares and places in his repair file a card which includes 
all of the information required for the Wire Chief’s use in 
maintaining the service, including the subscriber’s name 
and address, the central office equipment items and out- 
side cable pair occupied by the line, and the type of station 
apparatus. 

The Chief Operator, in a manual office, places at the 
switchboard answering jack assigned on the order a num- 
ber plate marked with the telephone number also as 
shown on the order. She removes the plugs or paint 
markings from the subscriber’s multiple, thus putting 
it in readiness for the completion of incoming calls to the 
new station. On receipt of notification from the Wire 
Chief that the service has been installed, she posts the 
central office records which are required in connection 
with operating the service. 

The limitations of this paper preclude a similar de- 
tailing of the procedure of the various other forces con- 
cerned, but the preceding are illustrative of a multitude 
of other operations which must be performed in co- 
ordination in the execution of a single service order. 


PRoMPTNESS ESSENTIAL 


Service order work, by reason of its volume, may 
properly be called a quantity production process, but 
unlike most such processes it is one in which the various 
closely related sequential operations which make up the 
whole are carried on by different forces in half a dozen or 
more different locations. Promptness is essential and the 
production interval to be satisfactory to the public must 
be short, even though the input of orders may, and 
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usually does, vary widely from day to day. The average 
elapsed time between the date of the subscriber’s ap- 
plication for service and the date of installation of that 
service is probably lower now than at any previous time 
in the history of the System. It is of noteworthy interest 
that system-wide improvements in promptness of per- 
formance in providing service have been accomplished 
with no increases in the cost of station installations, and 
in fact have been generally paralleled by reductions in 
these costs. 

With a view to giving a better service to the public, 
routines are in effect which provide for leaving in the 
station equipment and wiring in those cases where the 
prospects seem good that the premises will be reoccu- 
pied at an early date by another subscriber. As a result 
of this policy, an opportunity is afforded for a more prompt 
establishment of the service in such cases. 


VOLUME OF SERVICE ORDERS 


In the foregoing, reference has been confined largely 
to the service order operations incident to connecting new 
stations. While this class bulks large, numbering over 
two and a quarter million orders for the Associated 
Companies in 1925, they nevertheless constituted less 
than one-third of the total. In addition to these orders 
for new connections there were about 1,000,000 moves 
of subscriber’s service each of which, in general, required 
separate orders for the termination of service at the old 
address and for its reestablishment at the new address. 
There were also about 1,600,000 orders for disconnection 
of service, and many thousands calling for changes of 
equipment or class of service, changes in directory listings 
and other items. The volume of station turnover is such 
that for every station gained there was included in the 
operations covered by these orders nearly five connec- 
tions and four disconnections, inclusive of those incident 
to moving service from one address to another. The 
grand total of service orders of all kinds issued and 
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handled last year was around 8,000,000, equal to about 
70 per cent. of the number of stations in service, and 
since this ratio holds fairly closely from year to year the 
volume of service orders is constantly increasing along 
with the increase in the number of stations in service. 


INTIMATE ParT IN SuBSCRIBERS’ SERVICE 


The Service Order Routine is as old as the telephone 
industry itself. In the early days it bore other names, at 
first the Line Order Routine and later the Contract Order 
Routine. It seems quite fitting that these terms have 
been superseded by Service Order Routine, since prac- 
tically every step in its many operations relates directly 
to the subscriber’s service. Certain of the forces, the 
salesman in the Business Office and the installer who 
sets the station, come in direct personal contact with the 
individual subscriber, the latter on the subscriber’s own 
premises. By reason of their number and nature, these 
contacts go a long way toward shaping the subscriber’s 
opinion of the company. The new customer forms his 
first impression of the company’s business methods and 
attitude from his experience in matters covered by this 
routine, and from these experiences he consciously or 
unconsciously decides whether the company’s practices 
are what he considers reasonable, simple and direct, or 
are, in his opinion, tangled in red tape. That under- 
standable and efficient processes are essential to friendly 
satisfaction on the part of the public is recognized through- 
out the Bell System; consequently the service order 
routines are not allowed to become cut and dried proc- 
esses, but are constantly being developed and changed 
in order to meet new operating conditions and to more 
nearly approach the goal of a perfect medium for trans- 
lating the subscriber’s wishes into telephone service. 


J. W. CAMPBELL 


Eprror’s Nore: Mr. Campbell is a member of the Department of Operation 
and Engineering of the American Telephone and Telegraph Company. 
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NDIA has such an enormous population and has such 
| large holdings, and power of absorption, of the precious 
metals for currency purposes and for hoarding, that 
every change in the Indian currency system is felt the 
world over. The Royal Commission on Indian Currency 
and Finance has recently submitted its report, recom- 
mending important changes in the currency and banking 
systems of India. All the recommendations may not be 
embodied in laws, and even if they are, the effect of some 
of them would not be felt for years to come and then would 
be subject to a multitude of economic factors which are 
quite unpredictable. Nevertheless, the publication of the 
report has been followed by a precipitate drop in the price 
of silver to the lowest figures in about six years. The 
United States is the second largest silver producing coun- 
try in the world, and the mines controlled by American 
interests in the United States, Mexico, Canada and South 
America turn out much more than half of the world’s 
annual output of the white metal. The suggested changes 
in Indian currency are of interest from that point of view, 
but still more from the point of view of their possible 
effect on the distribution throughout the world of mone- 
tary gold reserves and the holdings of such reserves in the 
Western Hemisphere. 

The only metallic currency circulating as such in India 
is the rupee. The British sovereign and half-sovereign are 
legal tender coins but do not circulate because of the ratio 
at present obtaining between the value of gold and silver 
as compared with the legal exchange value of the sovereign 
and the silver rupee. India, however, absorbs each year, 
when her economic conditions are favorable, and permit 
large exports of commodities, a substantial portion of the 
annual gold and silver mine output of the world. The 
metal absorbed goes into hoards and into the manufacture 
of jewelry and other works of art. The Indian masses have 
never been educated out of the hoarding habit. One of 
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the tasks which the Commission set itself was to create 
machinery which would in time lessen this hoarding habit. 
The Commission proposes, among other things, that 
the legal tender quality of gold coins should be removed, 
but that the silver rupee should retain its legal tender 
character. One-rupee notes should also circulate as legal 
tender, as should paper currency of larger denominations 
to be issued by a reserve bank, whose creation the Com- 
mission also recommends. The reserve bank should have 
the duty of buying and selling gold in unlimited amounts 
at rates determined with reference to a fixed gold parity 
of the rupee, but in quantities of not less than 400 fine 
ounces (about $8,000). In other words, the circulating 
medium of India will continue to be paper and silver and 
the bank will have no obligation to furnish gold coin. 
Thus, in India, as in present-day Europe, there is no likeli- 
hood of gold returning to hand-to-hand circulation for an 
indefinite time in the future; in both Hemispheres the 
trend of legislation is toward economy in the use of gold 
and the restriction of its monetary use to service as the 
principal element in banking reserves. Indeed, the Com- 
mission points out in its report its desire to recommend 
nothing which would cause India to drain gold from Occi- 
dental banking reserves either suddenly or in seriously 
large amounts. 
¢It is true that the Commission recommends that over 
a term of ten or more years, the reserve bank that is to be 
created build up a gold reserve against its note-issue liabil- 
ities. Whether and to what extent this would superimpose 
an extra drain on the current gold output, or the gold 
reserves of the world outside India, would clearly depend 
on whether at the same time India was taking practically 
her normal average amounts of gold from the West for 
hoarding purposes. This latter would depend not only 
on Indian prosperity in the future, but on whether existing 
Indian gold hoards were reduced and future hoarding 
lessened. In this connection, be it noted, the Commission 
recommends that the Government should offer “‘on tap”’ 
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savings certificates, something like our postal or war sav- 
ings certificates, redeemable in three or five years in legal 
tender money or gold, at the option of the holder. It is 
hoped that some progress may be made in educating the 
natives to put savings in these interest-bearing certificates 
rather than in barren gold; and the guaranteed redeem- 
ability in gold would, it is hoped, actually keep people 
from wanting the gold, on the theory that persons want 
most what it is hard to get and are less anxious about get- 
ting that which it is easy to get. The exchangeability of 
both silver and paper (directly or indirectly) for gold 
would work to the same end, namely, build up a confidence 
in these forms of currency which would make the natives 
willing both to handle and to hoard these, if hoard they 
must, rather than gold. 

The price of silver has been seriously weakened as a 
result of the Commission’s recommendations, because one 
of the outstanding features of the report is the recom- 
mendation that over a transitional period of about ten 
years, the silver holding in the reserve which the reserve 
bank would take over from the Imperial Bank should be 
substantially reduced—reduced, in fact, by an amount 
which would equal several years’ world output. 

If the Commission’s recommendations are carried out, 
India will, like England and Germany at the present time, 
be on a gold standard internationally, with no gold cir- 
culating internally as money. The principal circulating 
medium would be paper currency put out by a central 
bank. This currency and silver rupee currency would 
have legal tender character, and substantial reserves in 
the form of gold and gold securities would guarantee the 
redeemability of circulating currency in the international 
medium, gold. No one can possibly foresee the effect on 
the distribution and therefore value of gold throughout 
the world, during the next ten or twenty years, of these 
recommendations, even if they are adopted verbatim, 
since no one can foresee what changes will take place 
either in Indian economic conditions or in Indian habits, 
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to say nothing of the repercussion which Indian currency 
reform may conceivably have on that other great silver- 
using country, China. 


* * * 


The Department of Commerce has published, in Trade 
Information Bulletin 432, a summary of “Foreign Trade 
of the United States in the Fiscal Year 1925-26.” Some 
of the interesting facts and comparisons brought out in 
the bulletin follow: 


1. The value of imports, $4,467,000,000, was nearly 
17% greater than in 1924-25. “Even in terms of money 
value, this figure has been exceeded only once, in 1919-20, 
and quantitatively it unquestionably marks a record.” 
Increases were registered in the value of each of the five 
classes of imports except manufactured foodstuffs, and the 
decline in this class “was wholly due to the lower price of 
sugar, the most important commodity of the group.”’ 


2. The value of exports, $4,754,000,000, was lower 
than in the preceding year for the first time since 1921-22. 
The decline was shared by four of the five classes of com- 
modities; the only class to show an increase being that of 
finished manufactures. 


3. The principal absolute increases and decreases in 
values of commodities over 1924-25 were the following 
(in millions of dollars): 


1924-25 1925-26 Difference 


604 +369 
400 + 47 

+ 47 
218 — & 
60 — 19 
71 — 17 


332 + 77 
398 + 72 
463 + 65 
167 — 237 
918 — 143 
137 — 35 
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Practically the entire decrease of $753,000,000 in the 
export balance of 1925-26 below that of 1924-25 could be 
accounted for by the increased cost of rubber imports and 
the decreased proceeds of wheat and cotton exports. 


4. Almost matching this amount also is the sum of the 
figures representing, respectively, the decline in the value 
of our exports to Europe, amounting to $326,000,000, and 
the increase in our imports from Asia, totalling $441,000,- 
000. Europe, of course, took most of our wheat and cotton 
exports, and Asia sent us practically all of our rubber im- 
ports. For the first time since the war, Asia displaced 
Europe as the chief source of our imports. 


* * * 


The U. 8S. Department of Agriculture announces that 
a reduction of 19,000,000 acres in area harvested to crops 
took place from 1919 to 1924. This is about a 5% de- 
crease, compared with an 8% increase in population. 
From 1909 to 1919 there was increase in crop acreage of 
45,000,000 acres, or 14%, almost as great as the 15% in- 
crease in population. Between 1899 and 1909 there was 
an increase of 28,000,000 acres, or 10%. 

Largely as the result of war-time prices, about 40,000,- 
000 acres of pasture land was plowed up and put into 
crops between 1909 and 1919, and about 5,000,000 acres 
of forest land cleared for crops, as compared with only 
23,000,000 acres additional crop land which would have 
been brought into cultivation in this decade, had the rate 
of increase, relative to the increase in population, been 
the same as in the previous decade. In 1919, the acreage 
of crop land was nearly ten years ahead of what had been 
the previous rate of expansion relative to population, but 
by 1924 the acreage had dropped five years behind what 
it would have been, if the rate of increase from 1899 to 
1909 had continued. The depression since 1921 and cer- 
tain changes in consumption requirements helped to ex- 
plain the drop. 
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7 It is to be noted that the feed consumed by horses and 

mules required for its production about 90,000,000 acres 
in 1920, of which by 1924 9,500,000 acres had been released 
solely because of the decrease in the number of horses and 
mules to be fed. ‘“M'his is nearly three-fourths the amount 
by which the area in crops in 1924 falls below the area that 
would have been in crops had the rate of increase from 
1899 to 1909 relative to the increase in population con- 
tinued uninterruptedly.” 


* * * 


Students of business conditions will find of much his- 
torical and general interest the latest publication of the 
National Bureau of Economic Research, “Business An- 
nals,” by Dr. W. L. Thorp, with an introductory chapter 
by Professor Wesley C. Mitchell, author of ‘Business 
Cycles.” The “Annals” are what their name implies— 
statements without comment, descriptive of the year-by- 
year economic and business conditions in seventeen coun- 
tries in all the continents of the world. The periods cov- 
ered vary from 136 years (1790-1925) for the United 
States and England to 36 years (1890-1925) for twelve of 
the other countries. Mr. Mitchell’s Introduction of 100 
pages summarizes, analyzes, and comments upon the in- 
formation given in the annals and compares for the 
United States and England the results of the qualitative 
descriptions of business conditions therein contained with 
the quantitative analyses of business activity that statis- 
tical indexes give. Taking all seventeen countries, Mr. 
Mitchell shows by charts and tables the lengths of the 
various business cycles in each, the frequency distribu- 
tions of cycle durations, and a “‘conspectus of business 
fluctuations in the various countries.” There is seen to 
be no regularity of length of cycles as between countries 
or even in single countries, and no regular sequence of 
business conditions as between the countries. Cycle dura- 
tions vary from one to twelve years. 
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Abstracts of Recent Technical Books and 
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Some Measurements of Short Wave Transmission.' 
R. A. Heising and J. C. Schelleng and G. C. Southworth. 
Quantitative data on field strength and telephonic intel- 
ligibility are given for radio transmission at frequencies 
between 2.7 megacycles (111 m.) and 18 megacycles 
(16 m.) and for distances up to 1,000 miles with some 
data at 3,400 miles. The data are presented in the form 
of curves and surfaces, the variables being time of day, 
frequency and distance. Comparisons are made between 
transmission over land and over water, between night 
effects and day effects, and between transmission from 
horizontal and from vertical antennas. Fading, speech 
quality and noise are discussed. The results are briefly 
interpreted in terms of current short wave theories. 


An Introduction to Ultra-Violet Metallography.? Fran- 
cis F. Lucas. This paper describes the ultra-violet micro- 
scope and the technique of its application to the study of 
metal surfaces. The ultra-violet microscope can be said 
to have lived up to expectations. Crisp brilliant images 
can be obtained which surpass in quality those obtainable 
with the apochromatic system. The potential resolving 
ability of the monochromats can be realized in practice 
and the practical application of the ultra-violet micro- 
scope should develop much new information. The ultra- 
violet microscope is the most complicated of any within 
the realm of technical or scientific microscopy. It re- 
quires a highly developed technique for its successful 
manipulation and the specimens must be prepared with 
great care. The ultra-violet equipment appears to have 
a potential resolving ability probably greater than twice 
that of the apochromatic system. 

! Proceedings I. R. E., Oct. 1926. 
* Presented before the American Institute of Mining and Metallurgical En- 


gineers, New York, N. Y., February, 1926. Published as Pamphlet No. 1576-E, 
issued with Mining and Metallurgy. 
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Portable Receiving Sets for Measuring Field Strengths.* 
Axel G. Jensen. A description of latest type of measuring 
set involving the use of a current-dividing potentiometer 
accurate for frequencies up to about 1500 kilocycles and 
having a field-strength range of about 20 to 200,000 micro- 
volts per meter. 


Thermionic and Adsorption Characteristics of Caesium 
on Tungsten and Oxidized Tungsten.t Joseph A. Becker. 
Curves showing the logarithm of the electron current 
per cm? from tungsten and oxidized tungsten over a wide 
range of filament temperatures are given for several vapor 
pressures of caesium. At high temperatures the tungsten 
is covered only to a slight extent with adsorbed caesium. 
As the filament temperature is lowered more caesium is 
adsorbed. This lowers the electron work function and 
increases the emission many thousandfold. The process 
continues until a temperature is reached at which the 
tungsten is just covered with a monatomic layer when the 
work function has a minimum value. At still lower tem- 
peratures the surface is more than completely covered, 
the work function increases again, and the emission de- 
creases rapidly. 


The positive ion emission is constant while the tem- 
perature decreases from a high value to a low critical 
temperature. Here the ion emission drops suddenly 
while some caesium sticks to the filament. Further de- 
creases in temperature are followed by increased adsorp- 
tion and decreased ion emission. If the temperature is 
then increased in steps the ion current retraces its path. 
At an upper critical temperature, about 50° higher than 
the lower critical temperature, the filament cleans itself 
spontaneously, the caesium comes off as ions and registers 
as a sudden rush of current. At higher temperatures the 
ion current has its initial constant value which is limited 
by the arrival rate of caesium atoms. The critical tem- 


* Proceedings I. R. E., page 333, June, 1926. 
‘ Physical Review, Vol. 28, pp. 341-361, August, 1926. 
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peratures are raised by an increase in the vapor pressure 
or by a decrease in the plate potential. 

A method of determining the amount of adsorbed 
caesium is developed. At a sufficiently high filament 
temperature the surface is clean. At a sufficiently low 
temperature every atom that strikes the filament sticks 
to it, at least until the optimum activity is reached. The 
product of the arrival rate, which is given by the steady 
positive ion current, and the time to attain the optimum 
activity gives the number of caesium atoms at the opti- 
mum activity. At an intermediate temperature the sur- 
face is only partly covered. If the temperature is sud- 
denly dropped, to a low value, it takes a shorter time to 
reach the optimum activity. From these times the 
amount of adsorbed caesium at various temperatures, 
plate potentials, and vapor pressures can be determined. 
At the optimum activity there are 3.7x10“ atoms of 
caesium on a cm? of tungsten. This is very nearly the 
same as the number of caesium atoms that could be 
packed in a single layer, but is considerably smaller than 
the number of caesium ions in such a layer. 

The adsorption or evaporation characteristics are illus- 
trated by curves. Caesium can evaporate either as ions 
or as atoms. The atomic rate depends only on the tem- 
perature and on 0, the fraction of the surface covered 
with caesium. For a given temperature it increases very 
rapidly with 6. The ions can permanently escape from 
the filament only if the potential is in the right direction. 
A typical isothermal ion rate curve increases rapidly with 
8, comes to a maximum when @ is about .01, then de- 
creases continuously for larger 6. These curves explain 
all the observed phenomena of these adsorbed films. 
They show that while the ion work function increases as 
8 increases, the work to remove an atom decreases with 
98. The ion work function for a given © can be decreased 
by increasing the potential gradient at the filament. 

The Significance of Magnetostriction in Permalloy.* 

5 Physical Review, Vol. 28, page 158, July, 1926. 
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L. W. McKeehan. Magnetostriction in permalloy con- 
' firms qualitatively the existence of atomic magneto- 
striction, as previously proposed, and the explanation, 
based thereon, for high magnetic permeability and low 
hysteresis in these alloys. The effect of tension upon 
magnetostriction suggests that orientation of the mag- 
netic axes of iron and nickel atoms precisely like that due 
to the application of magnetic fields may be effected by 
mechanical stresses within the elastic limit. Acceptance 
of this view makes it possible to explain the large effects 
of tension upon magnetic hysteresis and the observed 
relation between the changes in electrical resistance pro- 
duced by tension and by magnetization. The occurrence 
of a reversal of magnetostriction in a stretched wire con- 
taining 80 per cent Ni covered by the same explanation. 
A connection between magnetic hysteresis and mechanical 
systeresis is suggested and the molecular field postulated 
by Weiss is interpreted as the integrated effect of local 
mechanical stresses. 

Magnetostriction in Permalloy.2 L. W. McKeehan and 
P. P. Cioffi. The materials studied comprised iron, nickel, 
and permalloys containing 46, 64, 74, 78, 80, 84, and 89 
per cent nickel. The method permitted simultaneous 
measurement of magnetization and magnetostriction in 
about 12 cm. at the middle of a 40 cm. wire, 1 mm. in diam- 
eter, in an approximately uniform field not exceeding 40 
gauss, and either with or without applied tension (within 
the elastic limit). 

The magnetostriction was measured by a combination 
of a mechanical lever, an optical lever, a multiple slit and 
a photoelectric cell. The magnifying power of this com- 
bination, as used, was about 2x10°, and magnetostrictive 
strains from 2x10~°* to 3x10~° were detected and measured 
without changing the sensitivity. 

The magnetostriction-magnetization curve has initial 
slope zero in all the cases studied. When the attainable 
field was sufficient for magnetic saturation the magneto- 

* Physica) Review, Vol. 28, page 146, July, 1926. 
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striction reached a limiting value. In iron there is evi- 
dence for the existence of a Villari reversal in fields too 
great to be attained in the apparatus. In nickel there is 
no sign of such reversal. In the permalloys with more 
than 81 per cent Ni the magnetostriction is a contraction. 
In the permalloys with less than 81 per cent Ni the mag- 
netostriction is an expansion. The limiting values of 
magnetostriction, when plotted against chemical com- 
position, fall on a smooth curve. 

Tension increases magnetostrictive contraction and 
diminishes magnetostrictive expansion. It causes a re- 
versal in the sign of magnetostriction in permalloy with 
80 per cent Ni, a small contraction preceding the final 
small expansion. 

Transmission Features of Transcontinental Telephony.’ 
H. H. Nance and O. B. Jacobs. In this paper, the various 
steps in the establishment of the existing network of 
transcontinental type circuits and the transmission de- 
sign considerations are reviewed. The discussion covers 
the communication channels obtained from transconti- 
nental type facilities and the bands of frequencies em- 
ployed, and includes carrier-current systems, telephone 
repeaters and signaling systems. Mention is made of 
special uses of transcontinental telephone circuits, such 
as the transmission of program material for broadcasting 
and the transmission of pictures. Finally, the mainten- 
ance methods required to keep the system at full efficiency 
are outlined. 

Wave Propagation in Overhead Wires with Ground 
Return,* by John R. Carson. This paper gives a solution 
of wave propagation along a transmission system consist- 
ing of an overhead wire parallel to the (plane) surface of 
the earth, the earth being considered as a homogeneous 
semi-infinite solid. Formulas are also given for calculating 
inductive disturbances in neighboring transmission sys- 
tems. 

7 Presented at the Pacific Coast Convention of the A. I. E. E., Salt Lake City, 


t. 6-9, 1926 
ary) Technical Journal, Vol. V, No. 4, Oct., 1926. 
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Load Carrying Capacity of Amplifiers,* by F. C. Willis 
and L. E. Melhuish. This paper describes the adaptation 
of the cathode ray oscillograph to the determination of the 
overload point of vacuum tube amplifiers. Using the in- 
put voltage to produce a horizontal deflection, and the 
output voltage or current to produce a vertical deflection, 
the amplifier performance is readily determined by noting 
the resulting figure on the fluorescent screen. So long as 
the figure is virtually a straight line or an obviously un- 
distorted ellipse, it was found that the amplifier output is 
free from harmonics. As soon as overloading begins, the 
oscillogram shows either a sharp bend at either or both 
extremities of the line or apparent distortion of the ellipse. 


Line Current Regulation in Bridge Polar Duplex Tele- 
graph Circuits," by 8. D. Wilburn. A mathematical 
analysis of the bridge polar duplex telegraph circuit, 
under the condition that the bridge arms are of equal 
resistance, shows that there is a particular bridge arm 
resistance which results in maximum received current. 
As the bridge arm resistances are increased beyond the 
value giving this maximum, the received current dimin- 
ishes gradually. On the other hand, as the bridge arm 
resistances are decreased below the value giving the 
maximum, the received current drops off very rapidly. 
It follows that when necessary to limit line current, the 
maximum received current is obtained by placing the 
regulating resistance in the bridge arms. Also when the 
line resistance is large enough to limit the line current 
to less than the maximum allowable value, a gain may be 
obtained by increasing the bridge arm resistance to the 
value which corresponds to maximum received current. 
Experience has shown that in many situations where 
difficulty is encountered in operating a duplex telegraph 
circuit with the regulating resistances in the line, a very 
decided improvement is obtained by transferring these 
resistances to the bridge arms. 


* Bell System Technical Journal, Vol. V, No. 4, Oct., 1926. 
1%” Bell System Technical Journal, Vol. V, No. 4, Oct., 1926. 
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Quality Control Charts," by W. A. Shewhart. This 
paper describes a newly developed form of control chart 
for detecting lack of control of a manufactured product. 

Applications of Poisson’s Probability Summation,” by 
Frances Thorndike. The applicability of Poisson’s 
expotential summation to a variety of actual data is 
illustrated by thirty-two examples of actual frequency- 
distributions to which the Poisson distribution is a fairly 
gcod approximation. The comparison of actual and 
theoretical distribution is made graphically, using as a 
background new probability curves showing Poisson’s 
exponential summation with a logarithmic scale for the 
average. To suggest possible explanations of the observed 
deviations from the theoretical Poisson distribution con- 
sideration is given to the effect on the theoretical distribu- 
tion of certain modifications in the underlying assump- 
tions, corresponding to conditions under which much 
actual data must be obtained. 

Electrode Effects in the Measurement of Power Factor 
and Dielectric Constant of Sheet Insulating Materials," by 
E. T. Hoch. It is shown that, aside from the guard 
ring type of electrode which can only be used with 
certain special types of measuring circuit, the most accu- 
rate results can probably be obtained by the use of equal 
foil electrodes and making proper allowance for the edge 
effects. From the standpoint of convenience, mercury 
electrodes and foil electrodes of unequal size have certain 
advantages. It is believed that the results obtained with 
these two types are also sufficiently accurate for most pur- 
poses when the corresponding corrections are applied. 

Radio Signaling System for the New York Police De- 
partment,“ by 8. E. Anderson. By means of the radio 
signaling system described it is possible, through the 
addition of a comparatively simple attachment to a stand- 

“ Bell System Technical Journal, Vol. V, No. 4, Oct., 1926. 
2 Bell System Technical Journal, Vol. V, No. 4, Oct., 1926. 


% Bell System Technical Journal, Vol. V, No. 4, Oct., 1926. 
4 Bell System Technical Journal, Vol. V, No. 4, Oct., 1926. 
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ard radio telephone transmitter, to modulate the carrier 
with an audio frequency tone in such a manner as to pro- 
vide for calling individually, simultaneously, or in a num- 
ber of designated groups, any one of several hundred radio 
receiving stations. At the radio receiving stations appar- 
atus is provided which may be operated from commercial 
sources of power supply and by means of which a visible or 
audible signal is given to the operator that a message is 
about to be broadcast, to which he should listen. Signals 
are also provided which, in case of improper operation, 
immediately inform the operator of the points at which 
attention is required. 

Carrier-Current Communication on Submarine Cables, 
Los Angeles-Catalina Island Telephone Circuits, by 
H. W. Hitchcock. Seven telephone channels and one 
telegraph channel on one single-conductor deep-sea 
cable have been made possible by the employment of 
carrier current on one of the two submarine cables across 
Catalina channel. This is the only application of carrier 
telephony to deep-sea cables; the system is one of the 
shortest carrier systems (26 mi.) in commercial operation 
and it provides more separate carrier channels (six) than 
has been previously attempted; and it differs in other 
important respects from other systems. This paper 
describes this carrier-current system. 

Theory of Vibrating Systems and Sounds,"* by I. B. 
Crandall. Recent years have witnessed a great revival in 
acoustics, both as a subject of industrial research and as 
a field for academic cultivation. This development has 
been carried on most actively in America and in Germany, 
and has been measurably due to the demands of the public 
for commercial acoustic devices in the public address and 
radio fields. In addition, there has evolved the new subject 
of Architectural Acoustics, largely through the researches 
of the late W. C. Sabine and his followers in this country. 

In this situation, with an ever increasing body of tech- 


* Bell System Technical Journal, Vol. V, No. 4, Oct., 1926. 
1% A book published by D. Van Nostrand & Co. 
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nical literature, it may be noted that the standard text- 
books on Sound have maintained their classical characetr, 
although new impedance methods and terminology have 
come into use (closely parallel to those of electrical theory) 
and many new fields of study have been opened up. The 
need for a connected treatment involving new subject 
matter and methods the present author has attempted to 
supply, and while necessarily building on the classical 
treatises as a foundation, he has included a chapter on 
complex vibrating systems with a treatment of acoustic 
filters; two chapters on the theories of sound generation 
and radiation with applications to tubes and horns and a 
chapter on the essentials of architectural acoustics and 
absorbing materials. An extended bibliographic appendix 
serves as an entry to many branches of Applied Acoustics 
—for example, loud speaking telephones, piezo-electric 
resonators, recent work on speech and hearing, and sub- 
marine signalling, to cite only a few examples. 

The author has purposely avoided duplicating classical 
material such as the theories of bars or of Fourier’s series, 
feeling that the newer ideas and developments deserve the 
emphasis gained thereby. 

The book aims to organize Acoustics as now practiced, 
and research workers will probably find it useful, not only 
in their classes, but as a starting point for acoustic research. 

Contemporary Physics,'7 by Karl K. Darrow. During 
the twenty-five years since this century began, the science 
of physics has undergone amazing enlargements and 
transformations which may well be ranked among the 
most significant attainments of our times. Through dis- 
coveries and improvements in the arts of experimentation, 
it became possible to measure the charge and the mass of 
the atom of negative electricity; to measure the charges, 
masses and magnetic moments of the atoms of the chem- 
ical elements; to study the processes of detaching atoms 
of electricity from atoms of matter; and to extend the 
spectra of the elements by detecting a host of radiations 

7 A book published by D. Van Nostrand & Co. 
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previously unknown and determining their frequencies. 
The data so assembled, together with observations upon 
the encounters of electrified particles with atoms, illum- 
inated the relations between the elements, and contributed 
to the design of an atom-model which has already inspired 
many discoveries. Among these the greatest was the dis- 
covery of the Stationary States, which replaced the early 
way of interpreting spectra by a new and strikingly fruit- 
ful procedure, and taught experimenters to seek after and 
find a multitude of new phenomena of the most varied 
interest and importance in almost every field of physics. 
To name only two of the fields thus enriched: the flow of 
electricity through gases, and the conditions for the ex- 
citation of radiation, have been clarified in most unex- 
pected fashion since the recognition of the Stationary 
States. 

The book ‘Contemporary Physics,” by Dr. Darrow 
is devoted to these fundamental discoveries and to some 
of their consequences. It might be described as an intro- 
duction to the Theory of Atomic Structure, in the present 
day acceptance of this phrase; for the phenomena with 
which it deals have nearly all been used in designing atom 
models, and reciprocally a great many of them have been 
discovered in the course of making experimental tests of 
predictions based upon atom-models These models are in 
fact among the most important features of contemporary 
physics and it would neither be possible nor desirable to 
omit them from such a book; for they are undoubtedly 
valuable, and the phenomena could hardly be described 
briefly and clearly without making use of them. Never- 
theless, the actual facts of experience receive the greater 
emphasis, for they are the permanent and unassailable 
parts of the recent extensions of physics. 

The book is developed from articles which have been 
appearing in the Bell System Technical Journal under the 
general title Some Contemporary Advances in Physics, 
apart from the articles concerning Hertzian waves and 
conduction of electricity in solids, which fall outside of the 
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field to which it is restricted. The remaining articles, 
which were originally self-contained and separate, were 
largely rewritten in order to build out of them a coherent 
presentation of a unified field, and in the course of the 
rewriting they were nearly doubled in length by addition 
of new material. The book may be described as an ele- 
mentary treatise, and although hardly of a popular 
nature, it will be intelligible to anyone who has had a 
fairly thorough college course in physics. 

Electric Circuit Theory and the Operational Calculus," 
by John R. Carson. This book is based upon a course of 
fifteen lectures delivered recently at the Moore School of 
Electrical Engineering of the University of Pennsylvania, 

The name of Oliver Heaviside is known to engineers 
the world over. His Operational Calculus, however, is 
known to and employed by only a relatively few specialists 
and this, notwithstanding its remarkable properties and 
wide applicability not only to electric circuit theory but 
also to the differential equations of mathematical 
physics. The present author ventures the suggestion that 
this neglect is due less to the intrinsic difficulties of the 
subject than to unfortunate obscurities in Heaviside’s 
own exposition. In the present work, the Operational 
Calculus is made to depend on an integral equation from 
which the Heaviside rules and formulas are simply but 
rigorously deducible. It is his hope that this method of 
approach and exposition will secure a wider use of the 
Operational Calculus by engineers and physicists and a 
fuller and more just appreciation of its unique advantages. 

The second part of the volume deals with advanced 
problems of electric circuit theory and in particular with 
the theory of the propagation of current and voltage in 
electrical transmission systems. It is hoped that this part 
will be of interest to electrical engineers generally be- 
cause, while only a few of the results are original with the 
present work, most of the transmission theory dealt with 
is to be found only in scattered memoirs and there accom- 

A honk published by McGraw-Hill Book Co. 
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panied by formidable mathematical difficulties. While 
the method of solution employed in the second part is 
largely that of the operational calculus, the author has 
not hesitated to employ developments and explanations 
not to be found in Heaviside. For example, the formula- 
tion of the problem as a Poisson integral equation is an 
original development which has proved quite useful in the 
numerical solution of complicated problems. The same may 
be said of the chapter on Variable Electric Circuit Theory. 

In view of its two-fold aspect, this work may therefore 
be regarded either as an exposition and development of 
the Operational Calculus with applications to electric cir- 
cuit theory or as a contribution to advanced electric cir- 
cuit theory, depending upon whether the reader’s view- 
point is that of the mathematician or the engineer. 

No effort has been spared by the author to make his 
treatment clear and as simple as the subject matter will 
permit. The method of presentation is distinctly peda- 
gogic. To electrical engineers and to electrical instructors 
this exposition of the fundamentals of electric circuit 
theory and the operational calculus should be of more 
than ordinary value. An appendix furnishes a list of 
original papers and memoirs which gives a fairly complete 
bibliographic survey of the field. 


[ 290 ] 


























Notes on Recent Occurrences 


AN AUTOBIOGRAPHY OF THE OLDEST 
PIONEER 


VERY Telephone man knows about Dr. Thomas A. 
Watson. It is enough to say that his autobiography 
has just been published in very attractive and dignified 
form by D. Appleton and Company, under the title “Ex- 
ploring Life.”” Those who know Dr. Watson personally 
or who have ever heard him make an address will find that 
he writes as he speaks—clearly, informally, delightfully. 
The book is good reading. It is also well made; it is light 
and feels good in the hand. His story of the beginnings 
of the telephone is personal, detailed and authoritative. 
His Birth and Babyhood of the Telephone was an address; 
the part of his autobiography which deals with the tele- 
phone is itself a book. It is a new and rich mine of first 
hand information on the subject. But it is not barrenly 
technical. The layman will be as much interested in it 
as the telephone man or woman. For Dr. Watson does 
not cramp the interest of his story within narrow lines. 
Even shop, as he talks about it, becomes human and re- 
flects the zest of his vital interest in everything. The last 
of the original five men of the Telephone now living, Dr. 
Watson is the only one who has personally written of those 
days. The result is invaluable to Telephone History. 
Naturally most of us think of Dr. Watson as the 
young mechanic who assisted Bell in the invention of 
the telephone. So he was. But that covered only his 
young manhood, hardly more than a third of his varied 
life. After bearing for several years the strain of scientific 
research in days when the problems of the telephone were 
overwhelming and when little had been learned about 
electricity, he broke away from the telephone at twenty- 
six and went to Europe. On his return, ship building drew 
him to itself and made of him in his middle age a noted 
captain of industry. He started, indeed he himself was 
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the Fore River Ship and Engine Company and did a large 
part of building the United States Navy of the Spanish 
War that made the United States a world power. 

Then at fifty, ever keen to learn more about this won- 
derful world and about life, he pushed on into new fields, 
into geology and mining, into literature and the art of 
speech, into philosophy and the drama. When he was 
fifty-five he spent a year as an actor in F. R. Benson’s 
Shakespearean Company in England, beginning in the 
mob and rising by his own ability to speaking parts in the 
performances at the Shakespear Theater at Stratford on 
Avon. 

So the story approaches the end—the end of the book. 
But Dr. Watson now as fifty years ago, stands erect and 
with youthful spirit looking forward into the future to 
learn and to welcome whatever life may bring in each new 
task, in each new day—always friendly, always human 
and delightful, winning his way with wistful smile and 
kindly out-stretched hand. ‘Exploring Life” is the cor- 
rect title for his book. It echoes the instinct that lies on 
the surface and lies deep in the soul of every one of us. It 
is therefore a book that will make its way steadily from 
reader to reader. It is a book to read by the fireside, to 
read aloud, to re-read and to own. 


W. C. LANGDon. 


TELEPHONE PIONEERS OF AMERICA 


HE thirteenth annual meeting, and the fourth meet- 
ing of the General Assembly, of the Telephone 
Pioneers of America was held at the Commodore Hotel, 
New York, N. Y., on August 27 and 28, 1926, the total 
attendance, including guests, being 2,429. 
The Secretary’s report showed a membership on Janu- 
ary 1, 1926, of 10,130, an increase during the year of 2,142. 
The General Assembly meeting on August 27 was fol- 
lowed by visits of inspection to the Bell Telephone Labor- 
atories and to the headquarters of the Long Lines at 24 
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Walker Street. Following the Association meeting on the 
next day, there were visits to the headquarters building 
of the Bell System at 195 Broadway and to the new ad- 
ministration building of the New York Telephone Com- 
pany at 140 West Street. 

In addition to the addresses of President H. B. Thayer, 
and President-elect James T. Moran at the Association 
meeting, a paper was read by Thomas A. Watson, describ- 
ing some of his experiences while the associate of Alex- 
ander Graham Bell during the experiments that led to 
the telephone’s invention. 


The officers for 1927 are: 


President, 
James T. Moran, President, Southern New England Telephone 
Company. 

Past President, 
H. B. Tuayer, Chairman, American Telephone & Telegraph 
Company. 

Senior Vice President, 
F. A. Stevenson, Director, Long Lines Department, American 
Telephone & Telegraph Company. 

Vice Presidents, 
Roperick Re, Vice President, Mountain States Telephone & 
Telegraph Company. 
J. P. Hansen, Instructor, Illinois Bell Telephone Company. 
P. O. Corrtn, Vice President, Chesapeake & Potomac Telephone 
Company. 

Secretary, 
R. H. Srarrert, Assistant to Vice President, American Telephone 
& Telegraph Company. 

Treasurer, 
W. J. Srout, Assistant Treasurer, American Telephone & Tele- 
graph Company. 

Executive Committee—(1926—1927) 
B. A. Kaiser, Special Representative, American Telephone & 
Telegraph Company. 
J. L. Krupatrick, Vice President, Western Electric Co., Inc. 
E. K. Hau, Vice President, American Telephone & Telegraph 
Company. 
Lestig Kiiiam, General Plant Superintendent, Wisconsin Tele- 
phone Company. 
Miss Katuerine M. Scumirt, Supervisor of Training Schools 
for Operators, New York Telephone Company. 
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AWARD OF LIEBMANN MEMORIAL PRIZE 


6 die Institute of Radio Engineers has announced the 
awarding of the Liebmann Memorial prize of $500 
to Dr. Ralph Bown of the American Telephone and Tele- 
graph Company. Dr. Bown has been in charge of work 
relating to radio transmission development problems and 
the prize has been awarded in recognition of his researches 
in wave transmission phenomena. 
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Organization Changes 
AMERICAN TELEPHONE AND TELEGRAPH COMPANY 


C. P. Cooper elected a Vice-President 


Entered the employ of the Bell System as Plant 
Engineer with the New York and New Jersey Telephone 
Company, Newark, N. J., June, 1908; Division Plant 
Engineer, New York Telephone Company, Albany, De- 
cember, 1908; Division Plant Engineer, Buffalo, June, 
1909; General Plant Engineer, New York City, January, 
1910; General Engineer, July, 1910; General Plant 
Engineer, January, 1912; Division Plant Superintendent, 
Albany, January, 1913; General Plant Superintendent, 
Chesapeake and Potomac Telephone Company, Balti- 
more, January, 1914; General Superintendent, Cleveland 
Telephone Company, Cleveland, March, 1920; General 
Manager, April, 1920; Vice-President and General Man- 
ager, Ohio Bell Telephone Company, September, 1921; 
President, November, 1923; Vice-President, American 
Telephone and Telegraph Company, August 24, 1926. 


Onto Bet, TELEPHONE COMPANY 


E. F. Carter elected President 


Entered the employ of the Bell System as an In- 
spector with the Bell Telephone Company of Missouri, 
St. Louis, June, 1900; Solicitor of Right-of-Way, June, 
1901; General Foreman, October, 1901; Resigned, June, 
1903; Canvassing Agent, American Telephone and Tele- 
graph Company, St. Louis, 1905; Special Clerk, Bell 
Telephone Company of Missouri, November, 1907; Con- 
tract Agent, January, 1908; Commercial Manager, July, 
1910; Resigned, May, 1911; Commercial Engineer, South- 
western Telephone and Telegraph Company, St. Louis, 
October, 1913; transferred to the Southwestern Bell 
Telephone Company, July, 1916; General Manager, 
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Topeka, Kans., October, 1917; General Manager, Dallas, 
Tex. April, 1919; General Commercial Manager, St. 
Louis, April, 1921; Vice-President, April, 1926; President, 
The Ohio Bell Telephone Company, August 24, 1926. 


New York TELEPHONE COMPANY 


Jacob S. Wiley appointed a Vice-President 


Entered the employ of the Bell System as a voucher 
clerk with the New York and New Jersey Telephone 
Company, 1892; General Bookkeeper, 1901; Auditor, 
Chesapeake and Potomac Telephone Company, 1905; 
Auditor, The Bell Telephone Company of Pennsylvania, 
1908; Assistant Comptroller, American Telephone and 
Telegraph Company, 1910; General Auditor, New York 
Telephone Company, Bell Telephone Company of Penn- 
sylvania, Chesapeake and Potomac Telephone Company, 
Central District and Printing Telegraph Company, 
Empire City Telephone Company, 1912; General Audi- 
tor, New York Telephone Company, November, 1919; 
Vice-President, New York Telephone Company, 1926. 


J. W. Hubbell appointed General Manager, Upstate 

Territory 

Entered the employ of the Bell System as a clerk with 
the New York and New Jersey Telephone Company, 
1902; Acting Manager, South Exchange, Brooklyn, 1903; 
Manager, 1904; Manager, Traffic Department, 1904; 
Central Office Manager, New York Telephone Company, 
Newark, N. J., 1912; Traffic Engineer, The Bell Tele- 
phone Company of Pennsylvania, 1914; Engineer of 
Equipment and Buildings, 1917; on furlough, June, 1917 
to December, 1918; Traffic Engineer, New York Tele- 
phone Company, December, 1919; General Traffic En- 
gineer, February, 1920; Chief Engineer, Albany, July, 
1925; General Manager, Upstate Territory, August 1, 
1926. 
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B. K. Boyce appointed Chief Engineer, Upstate Territory 
Entered the employ of the Bell System as Engineering 
Assistant, New York and New Jersey Telephone Com- 
pany, 1907; Engineer, New York Telephone Company, 
1923; Engineer of Plant Extensions, Albany, June, 1925; 
Chief Engineer, Upstate Territory, August 1, 1926. 


E. B. Russell appointed General Traffic Manager, Upstate 

Territory 

Entered the employ of the Bell System as Service 
Inspector, New York Telephone Company, July, 1910; 
transferred to Buffalo, December, 1910; Desk Man, 1911; 
Assistant Traffic Chief, Niagara Falls, April, 1911; As- 
sistant Traffic Chief, Lockport, June, 1911; Engineer, 
Syracuse, March, 1912; Assistant Traffic Chief, Auburn, 
October, 1912; Assistant Traffic Manager, New York 
City, April, 1914; District Traffic Chief, Kingston, N. Y., 
1918; District Traffic Manager, 1919; Division Toll 
Traffic Supervisor, 1921; Traffic Supervisor, New York 
City, 1923; Toll Traffic Supervisor, 1924; Traffic Super- 
visor, 1925; Division Superintendent of Traffic, Albany, 
1925; General Traffic Manager, Upstate Territory, 
August 1, 1926. 


MicuicAN Brett, TELEPHONE COMPANY 


Burch Foraker elected President 


Entered the employ of the Bell System as a wireman 
with the New York Telephone Company, New York 
City, 1893; Foreman of splicers, 1899; Division Superin- 
tendent of Plant, New York and New Jersey Telephone 
Company, Brooklyn, 1907; Division Superintendent of 
Plant, New York Telephone Company, 1909; transferred 
to New York City, 1912; Superintendent of Plant, Man- 
hattan, 1923; General Manager, Albany, 1925; President, 
Michigan Bell Telephone Company, August 1, 1926. 
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SouTHWESTERN BELL TELEPHONE COMPANY 


F. M. Hoag appointed General Commercial Manager 


Entered the employ of the Bell System as a cable helper 
withthe Cleveland Telephone Company, 1898 ;Splicer, 1899; 
Foreman, 1900; General Foreman of Construction, 1902; 
Inspector, Engineering Department, Southwestern Tele- 
phone and Telegraph Company, Dallas, Tex., 1903; Con- 
struction Engineer, 1905; Assistant Plant Engineer, 1909; 
Construction Supervisor, 1912; Division Superintendent 
of Plant, 1913; Division Plant Superintendent, San An- 
tonio, Tex., 1917; Plant Supervisor, Dallas, 1919; Gen- 
eral Plant Superintendent and State Engineer, South- 
western Bell Telephone Company, Oklahoma City, May, 
1920; State Engineer, Plant Superintendent, and Assist- 
ant General Manager, Oklahoma City, October, 1920; 
General Manager, Dallas, 1921; General Commercial 
Manager, St. Louis, September, 1926. 


Pactric TELEPHONE AND TELEGRAPH COMPANY 


P. H. Coolidge appointed Assistant Vice-President 


Entered the employ of the Bell System with the 
Western Electric Company, holding various positions of 
engineer, shophand, clerk, and manager, at New York 
City, Kansas City, Philadelphia, Chicago, and San 
Francisco, from 1897 to 1909; Assistant Manager, Pacific 
Telephone and Telegraph Company, San Francisco, 1909; 
General Commercial Superintendent, 1912; General Com- 
mercial Manager, January, 1926; Assistant Vice-Presi- 
dent, July 1, 1926. 


F. J. Reagan appointed General Commercial Manager 


Entered the employ of the Bell System as Traffic In- 
spector, New England Telephone and Telegraph Com- 
pany, 1909; Clerk in the Traffic Department, Pacific 
Telephone and Telegraph Company, 1910; Superin- 
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tendent of Traffic Inspection, 1911; Traffic Supervisor, 
1913; General Supervisor of Traffic, 1920; Division 
Superintendent of Traffic, 1922; General Traffic Manager, 
New York Telephone Company, Albany, N. Y., 1925; 
Pacific Telephone and Telegraph Company, General 


Commercial Manager for Northern California and Ne- 
vada, July 1, 1926. 


WESTERN Exectric Company, Inc. 


Charles G. DuBois elected Chairman of the Board of 
Directors 

Entered the employ of the Bell System as a clerk with 
the Western Electric Company, New York City, 1891; 
Chief Clerk, 1896; Secretary, Chicago, 1898; Comptroller, 
American Telephone and Telegraph Company, New York 
City, 1907 to 1918; furloughed for service with the Ameri- 
can Red Cross, October, 1917 to May, 1918; Vice-Presi- 
dent, Western Electric Company, 1918; President, 1919; 
Chairman, August 1, 1926. 


Edgar S. Bloom elected President 


Entered the employ of the Bell System as Construc- 
tion Engineer, New York Telephone Company, 1896 to 
1906; Superintendent of Plant, New York and New 
Jersey Telephone Company, 1906 to 1908; General Super- 
intendent of Plant, Pacific Telephone and Telegraph 
Company, 1909; Engineer of Plant Operations, American 
Telephone and Telegraph Company, 1910-1911; Vice- 
President in charge of operations, Bell Telephone Com- 
pany of Missouri, Pioneer Telephone Company of Okla- 
homa, Southwestern Telephone and Telegraph Com- 
pany of Texas, Missouri and Kansas Telephone Company, 
1912 to 1913; Receiver, Central Union Telephone Com- 
pany, and President, Central Union Telephone Company, 
Ohio Bell Telephone Company, Indiana Bell Telephone 
Company, 1914 to 1922; Vice-President, Illinois Bell 
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Telephone Company, 1920 to 1922; Vice-President, 
American Telephone and Telegraph Company, 1922 to 
August, 1926; President, Western Electric Company, 
August 6, 1926. 


Clarence G. Stoll elected a Vice-President 


Entered the employ of the Bell System as a student 
with the Western Electric Company, Chicago, 1903; 
transferred to New York, November, 1903; entered the 
Engineering Department, October, 1904; Engineer of 
Methods, Manufacturing Department, 1908; Acting Head 
of Manufacturing Branch, New York, 1911; Shop 
Superintendent, Antwerp, Belgium, 1912; Operating Su- 
perintendent, Hawthorne, January, 1916; Technical Super- 
intendent, December, 1916; Assistant General Superin- 
tendent, 1920; Works Manager, 1923; Works Manager, 
and General Manager of Manufacture, New York, 1926; 
Vice-President, August 1, 1926. 
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